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(54) Title: NOVEL , TH^APE^ MOLECULE COMPLEXES 

(57) Abstract 

Structures that bind to a selected target are prepared having two or more different effector molecules: joined : to each. other by a joining 
component. At least one of the effector molecules such as an antibody binds to the target and at least one of the other effector molecules 
such as an enzyme is therapeutic;:. The joining component may be a liposome, protein, dendrimer ^lymcr ;^ nucleic acid 

chains. The joining comr^hent may be of sufficient length and/or flexibility to permit the therapeutic molecule to physically interact with, 
the target at the same time as the binding molecuje binds with the target. The structures may be used v in : disuse itrea^ immunoassays 
and sensors. For in vivo of cells, the liposome joining component is filled with. =a= plurality, of, genetic. manipulation 

complexes that contain. a a sequence for recombination and a bind ing s i te , a- E)N A- binding P^9 tem oound to the 

binding site and a motor protein conjugated to the polynucleotide. Prophospholipase may be on me surface of the liposome, and when 
activated cleaves the lippspmeito rel^e ^e complex. 
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NOVEL THERAPEUTIC BINDING MOLECULE COMPLEXES 

RELATED APPLICATIONS 

This application is related to copending U.S. 
5 Applications Serial No. 08/332,514 filed October 31, 1994, and 
08/424,874 filed April 19, 1995, which are hereby incorporated 
by reference. 

1. FIELD OF THE INVENTION 

10 The present invention is in the field supramolecular 

structures that specif ically bind to. a selected target . 

2 . BACKGROUND 

Organized molecular systems are well known in biology and. 
15 : : chemistry . For example, pure" molecular form 
crystals, and surface a c t i v e mo 1 ecu 1 arc ompo und s form 
monolayers at air-water i n t e rpha s e and ve sides in water. 
...Bilayers of liposomes mimic biological, membranes , and 
biological membranes are good: examples : of multi-molecular 
20 organized: systems . V i ru s e s , in pa r ti cu 1 a r , are highly 

. "organized supramolecular as s embl ie s whbs e complexity surpasses 
any man-made assembly . Ano t he r .. pr ime , examp 1 e is the DNA 
double helix, , which is the resultr^ selec t ive 

interact ion - of two complementary^ s-m molecules Man . 

25 , made, or . artifcieial examples: -of ; siapram systems:, 

fi n cl u d e : • c r yp t a t e s , i.e. , inclusion:; complexes of macrocyclic 
: . : . re c e p t o r . . . mo 1 e cu 1 e s , and interrupting dimensional hydrogen 

bonded -.network : :by a large •/capping;^ In these : 

• ; -state -p examples v the structure of all participating 

3;0v : :mble;cule : s speci:Oc;::;™ ■ 

J ^ an r * e .. Le hn has def ^ chemistry as 

...the chemis::try...beyond individual ::moXe , i.e., ..the .chemistry 

.;.pf -the. i.ntermple.cular bond . . .Early;; ^ in supramolecular 
■chemistry.. : -invoived crown e t he r s and • cryp t a t e s , compounds based 
3 5- on the interaction of electron pair and ion and possibly 

additional ion- ion interaction ;(;j.-M. Lehn, Angew... Chem. Int. 
Ed . Engl... 2 9 :(19 90 ) 1304 -13r9 ):..•. 
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Oligobipyridines form in the presence of suitable metal 
cations such as copper (II) double -stranded helicates'. 
Auxiliary groups may be attached into bipyridine units. If 
these groups are nucleotides they may serve as recognition 
5 sites for DNA (U. Koert, M.M. Harding and J.-M. Lehn, Nature 
(1990) 346 :339) . 

Most previously described hydrogen bonded supramolecul.es 
are supramolecular polymers, i.e., periodic supramolecules 
composed of one or two repeating units. In principle the 
.0 number of repeating units of polymeric supramolecules may be 
:.' larger than two but until now nobody has used more than, two 
repeating units. Examples of this class of supramolecules 
includes the chain-like supramoiecule formed by co- 
crystallization of 1:1 mixture of 2 , 4 , 6-triaminopyrimidine an 
5 a suitable barbituric acid ^derivative (J.-M. Lehn, M. Mascal , 
A. De.Cian, J. Fisher, J . Chem . Soc . Chem . Commun . (1990) 479) 

Polymeric supramolecules ..formed from a single unit may 
also be used. For example, a tubular supramoiecule has been 
formed from a single cyclic peptide (M . R . Ghadiri, J. r. : 
0 Granja, R. A: Milligan, D • • E , McRee and N. Khazanovich , 
- Nature ( 1993) 3£6 : 324 -327) V These polymeric supramolecules 
are often simply crystals or mixed crystals in which hydrogen 
bonding plays a predominant role , in structure maintenance. 
-•Even, if these supramolecules are stable in solution, -their 
5- size is variable like that of . a conventional polymer:. . "ZCZ'izZ. 

A step towards cont roll ing supramolecular size and shape 
has been the- use of capping molecules to interrupt the-- - 
;;; molecular association at the desired point . (J. p. Mathias:,: c; 
; T. Seto, J . A. Zerkowski arid -G . • . M . ; Whi t e s i de s in "Molecular 
0: Recognition : ..Chemical arid Biochemical "Problems II" (Ed, S.. VM. 

Roberts) Royal Society of Chemistry).;... A mixture of -'he ;\ 
■ isocyanurate:. derivative ( benz CA 2 ) ^ and t r i sme 1 amine derivative 
- ( trisM 3 ) gives..: the supramoiecule ;(trisM 3 ) 2 (benzCA 2 ) 3 . This 

strategy typically -produces supramolecules which have 
5 'molecular weight' of 4-10 KDa. 

No Process exists today for creating large molecular 
assemblies of deliberately chosen molecules in which the 
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location of the molecules in the assembly can be selected 
accurately with respect to each other. Nonetheless/ a dire 
need exists for such molecular structures since they could 
have numerous important medical, chemical and physical 
5 applications. These applications include, but are not limited 
to, supramolecular drugs, drug delivery to target organs, 
capture of viruses and catalysts, sensors and 
nanotechnological components . 

Polypeptides and proteins, especially .enzymes , have been 
10 attached to oligonucleotides. A peptide or protein has been 
used; as , a tag for an oligonucleotide or oligonucleotide is 
used as a tag for a polypeptide. Techniques such as EL ISA 
allowed, to trace enzymes easier than oligonucleotides, enzymes 
we re. used as tags for oligonucleotides . .. PCR provides for 
15 assays of extreme sensitivity. Oligonucleotides;: are often 

used: a s ; a tag for polypeptides or peptidomimetics , so that the 
fate of the polypeptide can be followed in vi tro or in vivo. 
Synthesis methods which are used to prepare these conjugates 
are also useful in this invention. (D. Pol lard- Knight , 

20 Technique (199 0) 3:113- 132 ) . 

: Linear single -stranded tRNA forms branched structures 
because there are several complementary pieces of the sequence 
are :; suit ably located. Recently, several: .two and. ..three 
dimensional structures have been formed using this principle 
2 ^SSM. ■■'':^ nd -' N • c - Seeman, * J . Am. Chemv-:: 4lS94¥ qi6 : 1661-1669; 
:' ,: N :-:;' c -^ s ^ m ^> J. Theor. Bin! (1982) . 91: 23 7 -247 These QNA 

: '":::S^.ffc?^P^ amoleeu:Les have been bound ; together to ; f orm active 
• ^^^.^^ ; Becaus e several steps are typically needed to 
• l/££® a 5f l£kese molecules, :the overall syn t he si s ..yield can be 
3 0;i: . v ^yv: lo ^ :( - a - 1-1 % > because of these stepsVaiohe-'.,.:. ' 

;:r. .:,::;Branched pre-mRNA is : found in cells :'::v;Th#se.' molecules 
. ..^ a Y e :;^ighl : y, specific structures in which -adenosine is always 
linked to guanos ine . ' ' These . branched RNAs have .. been 
- Y nt §5 s ^ e ^ (T - Horn and M. S. Urdea Nucleic Acid. Res . (1989) 
35 ^:695?-€967 ;• C. Sund, [ A. Foldesi , S . - 1 . Yamakage and J. 

Chat t ^P a . h y a y a ' Nucleic Acid. Rpr . (1991) 9-12).. The synthesis 
of branched nucleic acids has been extended to the synthesis 



of nucleic acid dendrimers (R. H. E. Hudson and M. J . Damha, 
J. Am. Chem. Soc . (1993) 113:2119-2124). 

Oligonucleotide comb and fork structures have been used 
for analytical purposes (M. S. Urdea, B. Warner, J. A . 
5 Running, J. A. Kolberg, J. M. Clyne, R. Sanchez -Pescador and 
T. Horn (Chiron Corp.) PCT Int. Appl . No. WO 8 9/03,8 91 05 May 
1989, U.S. Appl. No. 109,282', 15 October 1987. 112 pp) . 

All previously known supramolecular structures have some 
drawbacks. It is of interest to provide novel supramolecular 
10 structures that may be adapted for a variety of uses, 
i.:.- Including disease therapy, '. diaghos tics., ..assays , and 
electronics. 



3 . SUMMARY OF THE INVENTION 

15- : :-.' The present invention provides .several different binding 

: molecule-multienzyme complexes capable of specifically binding 
"""""■■to a target of interest . The binding molecule-multienzyme 
complexes of the invention comprise two or more different 
"effector molecules joined to each Other by a joining 
20.v;cbmpon , wherein at : .least . one; v of the . e f f e c t o r molecules; ;has : V ; : 
•Zi^'Miie property of binding to a mo le cu 1 ar : . target , i.e. a binding" T' : 
: .effector molecule, and at least one of the other effector 

molecules is a .therapeutic. ' e f fee to r- • mole c u 1 e . The j oining :. 
• : ; components for use : i ri the. b i n d i n g mole c u 1 e - mu 1 1 i e n z ym e ■ 
2 5 comp lexes of the invention m ay ■ be o f ;■ ■ a variet y of classes : 

;;:;i 1 i p d s q me s , ; " ;.p r p. t e i n s; ;: ; ;;'q r g afxl ;c : 'polymers ( including;;? 'ZZZZ, 

type polymers) . . Another ;;aspect : of the invention to 
ZZ^pr'ovide binding mole c u le - mu 1 1 i e h z ytn e ; • ; c bmp lexes in which . the' : 
ZZ' : joining component ;. is;;;; o^ and/or flexibility;;;;; ;;.;.; 

permit the t h e r ap e u t i c e f f e c to r > m o 1 e cu 1 e s to physically-^' 
?^i:.interact with "the^sa-me target" as. . b i rid i rig molecule at the? ■samel'.:'.'' 
::-.: ; .v: time as binding ■.effector- mole cul e •• i &••• interact i ng with the;-;; 

--target. ZZ.-. ZZ' . . Z^.Z. 

One aspect of ; th^e invention "relates to binding molecule-; . 
35: ;multi enzyme complexes that are ' ^upraTnolecules formed by at''. 
' least two supramolecular component molecules . Each 
supramolecular .component -"molecule comprises at least one 
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effector molecule and at least one nucleic acid chain. At 
least one of the nucleic acid chains on at least one component 
molecule of the supramolecules of the invention are 
complementary to nucleic acid chains on at least one other 
5 component, and thus are able to bind the components of the 
supramolecule by the formation of double stranded nucleic acid 
chains between. . the complementary chains. The present 
invention also provides methods of making the supramolecules 
of the present . invent ion . 
10 The nucleic acid chains of the supramolecules of the 

invention; ;,a^e ; ; p refer a b 1 y DNA, RNA and. may also contain: 

structural analogues of DNA or RNA . Effector molecules that 
may be used;. ; t o . ;.; ; £ d r m ; ; t he supramolecules include but are not 
limited to polypep t i de s , proteins, lipids, sugars;. These 
15 effector molepui^ impart chemical - ;;.' arid p hy s i c a 1 '. proper t res 

... to the supramoleGul hydrqphobicity , . hydroph.^ 

electron condu c tiy ity / fluorescence , : r a d i o a c t i v it y , b i o 1 og i c a 1 
activity , .. c e 11 u 1 ar : -toxic i t y , cat alyt ic activity , molecular, . and 
cellular r e cogni t iom :a in vivo transport -selectivity:. ■ 
20 Another a spec ^ the invention is- to- provide b ind i ng; 

mol ecule - iraul tx s of the invent ion that 

used to tre at;' V; : o r ' : .p r ey e n t infectious diseases , par ticul ar ly 
; . . viral inf ^ctib^ . Binding ;mo le c ul e - mult i e n zyrne ; :: ;.; 

complexes^ u it able ^f o r the treatment and/or prevention of 

25 in fee tious, di s e a s e s x- . comp r i s e ef feetbr^m^ . . 

an t i bodi e s ; ;;;sp;ec i one or more : antigen, on a •••viral; 

part icle anci ;one enzyme c apab 1 e of c a t a 1 y z i ng a 

;;;;;;.; r e ac t i oii ;'; ; tha t ;:^ ; t he infect iy ity; ; of : ; • ; the -;v ir us ; • ;;.q f ; : : ; ; ;. : .; : ';' : ■ 

: interest;. -v;^ of viral coat prpte in^ or -yiral;;-;^; 

lo;.; envelope.^ . ' ; : v ".;.,,;';, ;\ /. ; :;.;::; : ;.; v^;; ';;'";.; ;.;'/ 

An ef fector;;:^ for use in .. the ^invention . may : , : a 1 so be 

a toxin, . . such: which will ;;ici'i;i.;'the' cell,. '"tlZM)^B^ir\is 
is i h t e rnal i z ; :;;.; ; ;"; ;, Aiicit he r aspect of'; .' t he;; v i ny e n t i p n . i : &j£6\ ;;.;,'; ' 
provide binding moiecul adapted, ■■■=£ or ^ the 

3 5 treatment of : to diseases;./ Binding molecule-- : 

V multienzym^ ;c for the treatment of specific diseases 

may comprise • b i rid i hg effector molecules: specific f Qrf.cie;rtain : ;' ' 
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cells or tissues and effector molecules that serves to 
directly alleviate a given disease condition. 

Another aspect of the invention is to provide binding 
molecule-multienzyme complexes that expedite the delivery of 
5 polynucleotides and other macromolecules into the interior of 
cells. Such binding molecule-multienzyme complexes are 
supramolecular structures derived from two or more 
supramolecular components adapted for the internalization of 
macromolecules may comprise effector molecules that either 
10 alone, or in combination with other effector molecules, on the 
same or dif f erent ..structure, that, are capable of crosslinking 
receptors on the surface of a cell for transformation. 

Another aspect of the invention is to provide binding 
molecule-multienzyme complexes useful for performing assays 
15 for compounds: of : . interest , particularly immunoassays. : 

Supermolecular structures for use in assays typically- comprise 
an effector molecule, capable of specifically binding to a 
compound of interest and a second effector molecule that may 
capable of producing a detectable signal, e.g., an enzyme, or 
20 a second molecule; capable of specifically binding to;, a : ■ 
compound of interest . Another aspect of the invention is to 
provide assays/employing binding molecule-multienzyme 
complexes of .the .invention so as provide for the detection 
and/or quantitation of compounds of interest . 
25 Another aspect of the invention is to provide binding 

molecule - mul t ienzyme : complexes useful for the prevention and 
treatment of atherosclerosis and ; related cardiovascular 
disorders. Binding mbl ecule -mul t ienzyme complexes of the .:. 
invention useful for the treatment of such diseases may;:; 
30 comprise ah .ef f . is. an antibody, specific for 

antigens ' in. athe ros c 1 erotic plague " 

Another aspect of the invention is to provide method and 
compositibris.: for ;the : genetic, manipulation of cells' of :'."'Z 
interest . The -methods and compositions may be used ; for : in 
35 vivo and in Vivo genetic therapy. The compositions for use in 
genetic therapy are binding molecule-multienzyme complexes 
adapted for genetic manipulation. . Preferably, such binding 
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molecule-multienzyme complexes adapted for genetic therapy' 
comprise liposomes as joining molecules and further * comprise a 
genetic manipulation complex. Genetic manipulation complexes 
comprise a polynucleotide for genetic manipulation, a motor 
5 protein, and a plurality of site-specific DNA binding 
proteins. Preferably, the genetic manipulation complex 

r 

comprises and enzyme with phospholipase activity. 

4. BRIEF DESCRIPTION OF THE FIGURES 

10 The invention will be better understood by reference to 

\ZZZZZZ- the appended Figures, p;f which: ■ 

Figure 1 is a schematic representation of the 
construction of a suprarriolecule constructed from two 
components . 

:..::15: ; . , Figure 2(A) is. a. schematic representation of the 

construction of a square planar supramolecule constructed from... 
: : : f our components . 

' Figure 2(B) is a schematic representation of the . 

■••■^.construction of a square planar supramolecule constructed from 
: ; ' ; •:• ^M-^ ° M G om P o n e n t s which, is re en forced by : d i agon a 1 double 

:?:;:;;7r'''Vx- stranded nucleic acid chains 

Figure 2(C) is a ; schematic representation of the 

zzzz ;;;:;c::bns:truction of a t e t r a he dr a l ; . s up r ^Ttio i e c u i e constructed from::.:::;::;, 

^^■■■■■■^^iour-- 'Components .■ ■ . Z^..ZZ-.Z'ZZZ.!iZZZZ.^. 

ZZ: 2 : 5 ZZrZZZ: : Figure 3 (A): . .is: : a - schematic^ of the 

■■■^Z'Z. •:;;S.? : ^: s '. t: ruction of a^ ant^ 

-constructed from supramolecular subcomponents . 
ZZZZ-ZZZZZ Figure 3 (B) is ^/■schema ti of the 

TSzZ^ 9 **f tr uction of supramolecular subcomponents used . in Figure: . 
: ; x::^ from molecules . each ..go or ant ibody ZZ^ZZZ 

.. Figure 3 (C) is;- a; schematic ; representation of the ' 
Z:::::ZZ::: c ^ nstruction of two. :supramolecule^ an antibody and- • 

Z::;:z:::twp enzymes . The combihatidn of :. ^hese.::fewo. .supramolecules- .is:' ' 
-■■f-f^-able to degrade all lipid components : of the virus . 
•":.^ : |;': : :, ; ' Figure 4 is a schematic representation of a supramolecule 
: .: . • ^. u .^ component which; is capable of forming a supramolecular . cage 



around a virus when it combines with a complementary 
supramolecule subcomponent. 

Figure 5 is a schematic representation of the 
construction of a supramolecule for surrounding an icosahedral 
5 virus. Figure 5A is a schematic representation of a typical 
icosahedral virus. Figure 5B is a schematic representation of 
the supramolecule subcomponent of Figure 4 approaching the 
icosahedral virus. Figure 5C depicts a second, complementary 
supramolecule subcomponent approaching the icosahedral virus.' 
10 Figure 5D depicts two complementary supramolecule 

subcomponents surrounding,: a. icosahedral virus. Figure 5E .. 
depicts a icosahedral virus encased within a supramolecule, 

Figure 6 is a schematic representation of how the 
analogous structure .for. the . large molecule in Figure 4 can.be., 
15 prepared using smaller molecules . 

Figure 7 is a schematic representation of molecules 
needed to construct the supramolecule of Figure 5 . 

Figure 8 is a schematic representation of supramolecular 
assemblies which are similar to the moleculeis dhdwn in Figure 

20;;; ;e.v.; • ■■'-r:"- 

Figure 9 is a schem^ of the use Q f "* x, y- 

triple helices in supramolecular assemblies. 

Figure 10 illustrates -an ^example of a spacer molecule for 
connecting three nucleptides; to an effector molecule . 
2:5...::..: y.-^igur e 11 i 1 lus t rat e s; an :: -exarnpl e of a second spacer ■ 
;;m for connect i rig t h r e e;; ; nuc 1 e o t i d e s to an effector 
molecule . • ■•■ 

.Figure 12 i 1 lustrate s 7ari J. exampl e of a. method for cross- 
linking two c omp 1 e men tar ; p 1 i go nu c 1 e o t i de s " a t one end . 
3;9';;v. : -.- v-v:;±:'^-9[^ re 13 i 1 liis ^ 1 e of the ^coupling of two' -- 

..-..■derivatized peptide '.chains -'¥b::' form a branched .peptide 
structure which can - serye :; a;s. ■■•■ ; a r trivalent l inker . 

Figure 14 illustrates an example of a method of using the" 
manipulation of protective groups on a trivalent spacer in 
35 order to use the trivalent spacer in oligonucleotide 
synthesis . 
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Figure 15A is a schematic representation of a 
supramoleeule adapted for transformation of a nucleic acid of 
interest into a eukaryotic cell. Figure 15B is a schematic 
representation of a supramoleeule adapted for transformation 
5 into a cell. Figure 15C is a schematic representation of a 
supramoleeule adapted for transforming a cell and the 
internalization,, i.e., transformation .process . 

Figure 16 is a schematic diagram of proteinaceous 
effector .molecule covalently coupled . to a. phospholipid which 
10 may be incorporated into the binding molecule-mult ienzyme 

', .;; c<pmpl : exe,s ; p •• • 

Figure 17 is a schematic diagram of liposomal binding 
. mo 1 e c u 1 e - mu 1 1 i e h z yme complex of the ..invention adapted for use 

In treating, atherosclerosis . The liposomal binding molecule- 

-1.5, -mult ienzyme complex., comprises antibodies : an ..binding eff ector 

mo 1 e c u 1 e s and , lip a s e , urokinase, phospholipase A 2 / . and 

cholesterol esterase as therapeutic effector molecules. 

• Figure 18 is. a. schematic diagram .of liposomal binding 
: mol e cul e^mu It i enzyme complex of the invention adapted for use 
20 in t r e a t ing •; HI V - 1 • infections and the int eract i on o f - t he - 
: cdmp le x . w i thin:; .a it HI V - 1 virion . : D if f li s i bn o f ; th& :e f f e c t o r 
molecules, in. the liposome are demonstrated. The symbol "A" 
; r e f e fs, ; t b : ; : pho sp ho 1 i p a s.e A 2 used as,, : a " therapeutic.: effector.;;: 
. : ; mo 1 ee u 1 e v ; : The; s ymbo 1 "C" refers to cholesterol esterase used 
2:5 ; :. as- • ; t herap eu^lc v • --e f f e c t o r molecule',.- -^riheU^ 
; ; ;: 1 1 p a s .e ; ;us;ed;; ;a;s: ; ; a ; ;::;.t he r ap e u t i c effector molecule . ■ • 

: : 5. DETAILED DESCRIPTION OF THE INVENTION 

. ; The ; ; pir^se n t .- Invention relates : to; composition of matter 
30 :•. t ha.t •' ' • h a ve;.;'lHe • ;p r ope f t y of speci.tically::b^ 

: ;;;; mol ec u 1 Er ; ; ;,t.a r ge t; s; of interest , and;;direct : ing a therapeutic 

-. agent- • t o : : t he ^binding site . The compounds of the "invention are 

'collectively^ to as binding;;™^ ■ 

compl exes of the invent ion compr ise two or more di f f erent • 
35 effector ttiblfecu joined to each other by a joining 
" component..., ;wher .at least one of the effector molecules is a 
binding effector /molecule and at least one of the effectors is 
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a therapeutic effector. The joining component may be any of a 
variety of forms including liposome, proteins, organic 
polymers, and the like. 

One of the types of binding molecule-multienzyme 
5 complexes of the invention are supramolecules (also referred 
to herein as supramolecular assemblies and supramolecular 
constructions) that comprise 1 at least two components, i.e., 
supramolecular components. Each supramolecular component 
comprises an effector molecule, and at least one nucleic acid- 

10 chain covalently joined to the effector molecule. By placing 
complementary nucleic; ■; acid ^;:cha;ins . on different components,, the 
components of the supramolecule may be bound together by the 
associative forces, i.e., hydrogen bonding, between the 
complementary nucleic acid chains, thereby producing 

15 supramolecular const r u c t i p n sij ; In- -which two or more, effector 
molecules are joined ..to, one', .another a double -stranded or 
partially double stranded: nucleic acids. 

The general concept of the .supramolecular assembly, 
embodiment of the invention .may- be better understood by 

20 reference- to Figure 1 wherein s up r am o 1 e c u 1 a r components A and ; 

B ar joined by effect or ; mo 1 e cb M and N, respectively: 
Components A and B are bound to each other by the double 
s t r and e d. . . h.u c 1 e i c acidic hai n;J: ; f o £m ed . by complementary nucleic:. : 
acid chains . " . ' 

25 .There.,' is no t he o r e t i c al ^1 imi t . t o the number of : ' 

supranvole cul ar components ; ^ used to construct a ' : - 

particular supramolecular assembly Rather, • •steric. factors 
tha t;;::PP^M. limit the niirto;^ that can be .used . in --rr:::' 

. a P^t-icplar supramolecule ;;m^ avoided by proper design •of :: ' ::;: - 

30 the. . s up r amo 1 e c u 1 e usi-rigC^ irif ormat ibri : that . is.:. \^"^L':^ 

well- known to the person rdtrvordinary skill in the art of 
biochemistry . Thus t he - invent ion provides for .numerous 
cbmpouhds.'. that are supramoleqular assemblies,: . i . e, . 
supramolecules, c omp r is i ng two or more supramolecular 

3 5 components of the invention^; ""'The supramolecular components of ; : 
the . 1 M en t. ion comprise ah effector molecule, e.g. , an 
antibody , covalently jbined;: to;; at least one polynucleotide . • 
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Two or more supramolecular components of the invention may be 
joined to one another by means of the nucleic acids 'moieties 
of the supramolecular components by employing nucleic acids 
that have regions of complementarily or partial 
5 complementarily to one another. Thus two or more effector 
molecules may. be joined to one another by double stranded or 
partially double stranded nucleic acids. 

Any class of molecule can be used as effector molecule 
component of the ..subject binding molecule-multienzyme 
10 complexes. Suitable molecules for use as the effector 

molecule moieties of the subject binding mo 1 e c u 1 e - mu 1 1 i en z yme 
complexes include, but are not limited to, sugars, peptides, 
lipids, polymers..; The effector molecules of the. binding' 
molecule-multienzyme complexes may serve several, different 
15 functions within ; the binding molecule-multienzyme ■complexes . 
For example, the effector molecules may be used: to provide a 
wide array of structural features to binding molecule- : 
multienzyme complexes. In addition, the effector molecules 
can also provide certain chemical and physical properties to 
20 the binding mpleeule -mul t ienzyme complexes, which include., but 
are not 1 imi ted tb , hydrophobi city , hydrophilicity, electron 
conductivity,: .fluorescence, radioactivity, biological 
activity, ce llu 1 ar t oxi c i t y , ; c a t a 1 y t i c activity, as wellCas 
molecular and; cellular recognition and in vivo transport 
25 selectivity^ ..^ a va r i e t y - o f p r o t e in 

type, includiiig ;toxins , proteinases , receptors/, ligands, 

lectins, antibodies, esterases > hormones , eel 1 surface- ■ 

markers /:. : ;'£t£.;;hv; rfr , . . 

Som ®:'::;^lf .ro?i!?;cui^B jarB; :; re-f erred to herein as : 
3 0 "binding effectbr,^ IBihding ef f ector^'molecules^-have 

the property;. ;c>f:;;;spec ifically ;;bindin;g to one or ; more mQlecules 
of interest;, i . e . ', target molecuies . A given binding ef f ector 
molecule : ; : has. . the .property of . being a binding e f f e c t br- mo 1 ecu 1 e . 
with respect to target molecules;- Effector binding mol ecu! e s 
35 may be either a member of a pair of specific binding 

molecules, : :e:g., ; an antibody- hapten pair or a receptor- ligand 
pair. Examples of binding effector molecules include, but are 
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not limited to, antibodies, integrins, adhesins, cell surface 
markers, T cell receptors, MHC proteins, and the like. By 
using a combination of two or more different binding 
effectors, each having a binding specificity for a different 
5 target, greater binding specificity of the binding molecule- 
mult ienzyme complexes of the invention may be achieved. 
Combinations' of two. or more 'different binding . effector 
molecules may be used in embodiment of the invention that 
employ liposomes as joining components as well as other 

10 molecules as joining components. 

' :S.u i t ab 1 e : b i ndi rig; . . e f fee tor molecule's include molecules. ■ . 
capable of specifically binding to the constant region of 
antibodies. These ..antibody-specific binding .molecules, may be 
antibodies. Such... antibody specific antibodies. . are, well. ..known 

15 in the art and are commercially available from many sources:, =•• 
e.g.. Sigma Biochemical, (St . Louis, MO) . Additionally, the . 
antibody-specific binding molecules may be molecules other 
than antibodies; for example , macrophages and other leukocyte 
have Fc receptor proteins on their surfaces . These Fc 

20 receptors may b 

' ' so as t b : f unc t i dti • a s : b i n d i rig effector moleculeis .' :" As 
endogenously produced antibodies may accumulate at the site o: 
.sites, of i h f e c t' i on s arid/6 r : tumors, thereby^ directing binding ' 
mo 1 e cul e - mul ti enzyme comp 1 exe s . 

25 Ano the r - ; c 1 a s s o f effector molecules are ref erred to^^^^^^ : 

^hereriir;^ mo 1 e c u 1 e s " . v ; ; ; : The r ap e u t i c . • 

ef fector molecules are; either ( 1 ) biologically active 
molecules', yincludi^ .not limited to/, enzyrnes ,; ; .drugs ' 

prodrugs , enzymes;,;:^ specific for- receptors,, 

ID radionuclides., : a ( 2 ) detectable -labels , . including, 

\bu.t not limited;^ enzymes,, and ^radionuclides ." 

A given therapeutic; effector molecule may be both a 
• /biologically act i ve : mo 1 e cu 1 e and detectable - label . The ,: 

. : following are some-examples of therapeutic effector molecules 

35 : ;that have been used; to treat various diseases . These 

therapeutic effector '.molecules may readily be adapted for use 

in the claimed invention. Thrombolytic therapy is well 
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established in the treatment of acute myocardial infarction 
(Z. Bode, et. al . , Z. Kardiol 83 (1994) 393). Proteinases 
which have been approved for this purpose include urokinase 
and streptokinase. Recombinant plasminogen activator, which 
5 activates plasminogen occurring naturally in the blood, is 
also in common use. Proteolytic enzymes have been also used 
to treat disk, herniation (chymopapain, L.G. Lerike, et, al . , 
AORN J. 59 (1994) 1230), fallopian tube (chymotrypsin, 
Chinese) and . inflammation (carboxypeptidase N, . M.. Rybak et. 

10 al , . Pharmacology 16 (1978) 11). Other enzyme therapies 
studied, include :.:^;; Adenosine deaminase , DNAse (cystic ; 
fibrosis) , Glucosylceramidase (Gaucher' s disease), Lipase 
(cystic .fibrosis:,,; ,.G . Morrison et. al . , Aliment , Pharmacol . 
Ther .. 6 .(.19?2) ; 54 9; cancer B.A. Richards, J. R. Soc. Med. 81 

15 (1988) 284 )., . :;.Lysozyme ( immunostimulant / antibacterial ^ageht , 
I . A . Vereshchagin .'and O.D. Zhuravleva , Vrach . ..Del a. ..(19 94). . 
103), Peptide hydro lases (antiviral agents, K.N . ■ Veremeenko, 
Vrach. Delo (1994)- 8) , Superoxide dismutase, Terr ily tin.. . 
( i mmu n o s t i tnu 1 a n t ) : , Ribonuclease (ant ibacterialy 1 : ant i viral , 

2 0 ant i tumor ) ^;p A2 (autoimmune suppression, K . 

Ma h 1 be r gr , : :e:tf;::kl Act a Ophthalmol . Suppl . 1^. (1987) 166) / 
arthritis , ; R B ..• Zurier , et. al, , Ann. Rheum. Dis.. 32 ,. (1973) 
4 6 6) , . P ho s pho 1 i pa s e C (pulmonary microembol ism ';,;; , ;;.I .; ;G; ;r ,: ;.Jans son , 
et. al. / - : J > : Traum a 28 (1988) S 222 . 
25 The: -bind c omp 1 exe s7.6 "f ," • t he • '■. 

invent ion c om rise; a t least one binding effector molecule and 
at least- effector -molecule . The binding •• 

mole c u 1 e ^ mu 1 1 i e h complexes.; may comprise more than: one 

dif f er^nt;;; typ effector molecule and ma y c on t a i n 

3 0 more thari;.; onelVmoiecule of eacfe-^type of bind i hg ^ ef f : e c fe^ r : ; : . 

molecule^ the binding molecule -mult ienzyrne;;; 

c omp le x e s ... -o the invent ion may -comprise more t hari .: -"onel ■". . 
d i f f e r e h t ; : type Zof therapeutic 1 :.e f f ector molecule, and ;;may : ; 
contain-more -than one molecule : of each type of - 1 herapeu t i c 
35 e f f e c t or ; ;mo lecule : present in; .the effector molecule. The 

specif i ;; e.f f e c t o r molecules within a given binding molecule - 
mul t i enzyme complexes may be selected so that the target 
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component molecule has therapeutic value for a given disease 
or diseases. The person of ordinary skill in the art, given 
the information provided herein, will readily be able to 
select appropriate effector molecules to treat a disease of 
5 interest. For example, a target multi -component therapeutic 
molecule for the treatment of a viral disease may comprise an 
antibody. specific for a viral coat protein or. viral envelope 
lipid as a binding effector molecule and a proteinase specific 
for the- same viral coat protein as a therapeutic effector 
10 molecule . 

The; nucleic acid. used to join the subject supramolecular 
components to each other in some embodiments, of the invention, 
i . e ....... targeted multi -component supramolecules comprising two 

or more : . supramolecular components, are preferably between 5 
15 and 100. bases in length/ -although nucleic acids .may be 

significantly longer than. 100 bases. The nucleic acid portion 
of the sub j.ec t supramol ecul ar components and ; supramolecular 

aSSemblies ma ^: : b wide variety nucleic acid 

mo 1 e cu 1 e s > e i t he r ^na t ur a 11 y . occurring , evgV; - RNA or DNA, or 

2 0 ^^ESM : .... nucleic 

acitis" ^ indicated 'otherwise-, re f ers to ' " 

both naturally occurring nucleic acids and synthetic analogs 
' thereG)f •;: .. For m a n y - applications , i t may be desirable to use ■ ■ 
s X ntl ?fH^: an ^ 1 : 0 ?. s 'J?. f ,\ Bl^^* 1 . nuc leic acid : . ; rather : ; ; ;than nucleic • 

25 " aGi ::|£;:Sf ::SS^^¥? 6l?ext ies speciMc^to-the^ analogs ' 

f highe r denaturati6h. temperatures;:; 
of doubl e - s t r anded nucl e ic acids . 

• : ; ° et : ai:Led descriptions on the use and synthesisVof nucleic.: 

. . :^. i:d :;:lB^Pg s ; :::.?:'^«:MMMfl7; : ':' h 3™ong other places^; ±n: : U.S. /Patent':'. 
30 m ' I ^ 2 8 7 / 5 / : . . ^ hb ® fc ^i. 03 fc e s ) , U.S .. :'.PaSent': : Na^: : .5:, : 2 lfr,!^.: . I 
( t; n .ipph6sph6ramidi;t;e.st,.; 'VjS, Patent No .:; 5:;iffi:;fa5;;:t;.; ■ 
(P no #horothioates) No. 5 , ISlvSl 0- ^ 

' ( ^ Q ^? hoirbtiiioafee ^ r; U- S - Patent No. 4, 8 14 ^4 48 : "( phosphona t es > , • ' 
" lJ :^ : -' : .; 1Patent . No - ' 4; >: 096.;21^ ^(phosphorates )- ; U;; : s'7 : Patent No . " 
35 4 ' °!CT 7 3 (phehylphosphorothioates ) , Ragle etal. , Nuc. Acids. : 
. . Ees • 2M31 : 4 75 1 - 4 757; Jr? SO) (phosphoramidates). . Information . 
on: how to synthesize conventional nucleic acid can be found, ■ ' '■ 
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among other places, in Eckstein Oligonucleotide and Analng nps- 
. A Practical Appmarh Oxford University Press (1992) .■ The 
complementary nucleic acids need not necessarily be entirely 
complementary with respect to one another. A nucleic acid of 
5 a first supramolecular component may be complementary to only 
a portion of the nucleic acid moiety of a second 
supramolecular component or the complementarity may be over 
the entire length of the nucleic acid.. Nucleic acid moieties 
of the subject supramolecular components may contain multiple... 
10 regions of complementarily to two or more nucleic acids 

moieties on additional supramolecular components thereby to be 
joined to permitting three or more supramolecular components 
to be joined to one another;, through hybridization. The 
complementarily (as measured by sequence homology) may be 
15 either 100 percent or, less... 1, 1 1 : , will be appreciated: by those:::, 
of ordinary skill in the,, art. that the strength .of associating.,, 
as indicated by duplex nucleic acid melting point, may be 
modulated . by controlling, factors. .such as the degree of 
complementarily, the identity : of: the base pairs (e.g., GC rich 

20 nucleic . acids have a higher -Tm than AT rich nucleic acids) > 

the choice of a nucleic acid or nucleic acid analog, the : 
length of the region of complementarily, and the like. The 
nucleic/acid moieties oi : the:;: subject supramolecular components 
may. be linear or branched ! Methods of producing branched 
.25 nucleic acids are- known ,tb,: the ..person skilled, in the art, . and::: 
ex : ; am Pie of how to make branched nucleic acid molecules can be 1 
f OUnd: : iTl JPCr Plication. No. -WO: 89/^03 89 . The use of branched^ 
nucl ?i c 3=9 ids as the nucleic .;acids as the nucleic acid 
• • moiet^ef ■•■of the subject supramolecular components is 
30 :pa.rt.xtTSJat;; interest. ;)S^s&MM^M[^WH^ nucleic ; acid; may be used ,: 
to cc ?W 3 #ently join three or more supramolecules components 
to. bhe7 another through. : hybr ldiza t i on of the nucleic moieties. "' 
Triple;: and tetra helixes: 6f ; ;hucl^.ic acid chains can also be :./: 
used in the supramol ecules in 7 orde r to provide other 
35 structural characteristics, :: s^ as rigidity, to the 
supramolecule . 
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The length of the nucleic acid moieties as well as the 
position of the complementary base on the nucleic acids may be 
used to control the two and three dimensional shape of the 
supramolecule . For example, as depicted in Figure 2(A), a 
5 square supramolecule can be prepared by employing four 

components which each contain two nucleic acid chains of equal 
length, '.Similarly, as also depicted in Figure 2(C), a 
tetrahedral supramolecule can be formed using four components. 
As can be . seen from Figures 2(A) and 2(C), a wide, variety of 
10 two and three dimensional supramolecule structures may be 
formed using- differing ; numbers of components • and differing 
numbers of complementary nucleic acid chains. For example, 
supramplecules of the present invention may contain geometric 
configurations that generally resemble triangles, squares, 
15 pentagons:, hexagons , heptagons, octagons, parallelograms, 
pyramids, .tetrahedrons, cubes and cylinders. It should also 
be understood that these figures are merely schematic 
representations of supramolecular assemblies and that the 
supramolecule may not actually possess these geometric 
20 structures in solution or in crystalline form because of the 
due to- the f lexibility of double stranded nucleic acid chains 
as well as other solvation, electronic and stearic factors 
that may be present in a given supramolecule . 

Wi t h r e sp e c t . t o each supramolecular component >^t he" number 
25 of nucleic acid moieties that may be attached to;: a 'particular 
e f f ect °^ ^ ole 5 ul . e mav be varied grea t ly so as to produce 
supramolecular assembl ies of the desired structured * 
Supramp Jecular cpmponent s of the invent ion may Comprise one or 
more ^^^f^^r 30 ^ moieties , The total number of- nuc 1 e i c acid 
30 moi e t ies t hat : may be at t ached to an effector, ;mb Ike u 1 e Is 
limited by -stearic hinde ranee and the number of .'potential 
a 1 1 achmerit .: s it e s / probl ems ..whi oh may be avoided^^by: proper 
selection; of the. effector molecule and the nucleic acid 
moieties .. ..^y.^"7::^^:\.^r',.'.,.. 
3 5 In another embodiment of the supramolecular components of 

the invention, more than one effector molecules may be. joined 
to a single nucleic acid molecule . Such supr amo 1 e cu 1 a r 
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components comprising a plurality of effector molecules joined 
to a single nucleic acid molecule may be used to form 
supramolecular assemblies through a nucleic acid hybridization 
with the nucleic acid moieties of similar supramolecular 
5 components or supramolecular components in which nucleic acid 
moieties are joined to only a single effector molecule. 

In a preferred embodiment of the binding molecule- 
multienzyme complexes of the invention the individual effector 
molecules are joined to one another by a joining component (or 
10 joining means) that gives the individual effector molecules 
.. within the bi nd i ng mole cul e - mu l t i en zyme complexes operational, 
freedom, i.e., freedom of movement sufficient to permit a 
V therapeutic effector component to. physically interact with the 
same target as a binding effector component of the same 
,^.v, :r ..is binding molecule-mul t ienzymei complexes when the binding.': " 

effector component is bound, to . .the : : target . Several different, 
types of molecules and multi-molecular assemblies may serve as 
joining components in different embodiments of the invention . 
The embodiment' of the i n ve n t i on • i n ; • wh i c h the various ■ ef f ector' • : 
molecules are in t erconnect e d by j o i n i ng components that permit 
X:-^r^7^"' v ' tte ef f etctdr; m61ec degree. : : of 

operational freedom are not limited .by the examples provided 
'Z^ZZIZr ' herein. The. person of. ordinal the art of chemistry.: 

• . • and/or molecular biology' will: be -abl e to -devise numerous •• 
•'^ components having- the - de sir e d characteristics... ZrtoxZ::. 

: ;:: : ;^ conventional b i f un cti oh a 1 ; link e r molecules may be 

modified a person of o r din a r y s kill in the art organic-' 
Y^;:^^ : «r. chemistry gb;;;.as; have suf f ic ien^ , to function in the.; 

^^;^^'Z. j oining pf ef factor mol ecul es: m t ional freedom;;; 1 •• In 

^v.-.^v:.,,::xv;:::;.vx.^-.3;0'-. one embodiment .of the . i rive ri t i on • -t; h a" j o i n i ng component .:: is': -a . . .. . 

liposome , ,i:.:e the binding vmbl complexes is a 

liposome, comprising a target -binding .molecule and a .:... 

■ . therapeutic^ -af lector molecule.:;".:;: Inland embodiment:: of . the 

• invention-/ ; the joining component - is a peptide , i ; e ; binding 
;"::.: : ;::.: : '::;;.:"/V'3 : 5 molecule - mul t i en zyme complexes compr i ses a binding effector 

_ molecule and a therapeutic .effector molecule joined to each 
other through a' peptide . In another embodiment of the: 



invention, the joining component is a dendrimer, i.e., binding 
molecule-multiemzyme complexes is a dendrimer comprising a 
binding effector molecule and a therapeutic effector molecule. 
When the binding molecule-multienzyme complexes of the 
5 invention comprises a liposome. The effector molecules are 
covalently attached to one or more constituent lipids of the 
liposome. .The effector molecule may be directly coupled to 
the lipid, or coupled through a linker. Linkers serving to 
couple an effector molecule to a lipid may of a variety of 

10 compounds , including polynucleotides. The liposome may 

optionally:,. compri s e .one or more therapeutic effector -molecules 
in the internal compartment of the. liposome as well .as. 
covalently attached to the surface of the liposome. . Liposomes 
can be classified as small unilamellar vesicles,, large 

15 unilamellar; vesicles, cell-size unilamellar vesicles : and 
multilamellar • vesicles (J. M . Wrigglesworth in Membrane 
Processes/: Molecular Biology and Medical Applications (Eds. G. 
Benga, H . Baum and F . A. Kummerow) , Springer- Verlag,; New York, 
1984) . : ' Method : s :i: df/ preparation of these liposomes • include 

20. vortexing,^ detergent dialysis or .dilution,; 

infusion "" 6r " revers e phase evaporation, fusion" methods , : ■ . 
addition, of. -short-chain PC's, addition of fatty acids or 
d e t e rgent s , : ir rus i on and. transient increase'In-pH-- ' 

Tli ei- s. i rnp 3. e s t way to prepare liposomes is ; ' 

25 onto the dry^^c , and mix. The power used ;in;; : th^ :: : ;: 

m i x i ng det e ^i rie s ; : he size of ; the . liposomes . ; ''QthM^^ : ^:^: '' 
possibility small molecular weight detergehts to 

solubil;ize;:t components and phospho 1 ip 1 ds' . 

The det'er^eht;:::^ of f the; solution arid.' liposomes .; form 

3 0 spontaneously^ the pure lipid ..1 iposomes can be^ prepared 

in a c on t rol led;: marine r and lipid-prbtein conj ugat es'xmay.^e. 
added la t e r i n ; a de t e r gen t solution!. Lipid part ;; pf ;the.;.;.... 
conj ugate •will: penetrate into the bilayer and ■ the "proteins- 
will be : : arichor^d.;'; The detergent can be d i a 1 y z e d a way : Th i s 

35 approach; us^s ^relatively small amount of detergent ,..^wtiic:h can 
be biocompatible, and need not be removed. 



WO 96/32841 PCT/US96/05389 

The lipid part of a liposome that is coupled to an 
effector molecule that is a protein preferably contains 
primary amino or thiol group in their polar head group. 
Accordingly, phosphatidylethanolamines can be directly used. 
5 Thiol groups can be introduced into synthetic phospholipids, 
although it is not a part of natural lipids. In order to 
anchor the lipid-protein conjugate firmly into the liposome 
the lipophilicity of the lipid should be increased. This can 
be achieved in several ways.. First, the. length of the alkyl 
10 chains in the lipid can be significantly' increased (about C 30 ) 
.; •compared' what is normally used (about C^) in liposomes. 

Secondly, the number of alkyl chains in one lipid molecule can 
.be higher than two, e.g., five alkyl chain phospholipid can be 
. conveniently prepared starting from mannitol . ..Alternatively, 
15::. 'sByersLl'' phosphol ipid molecules. ; ..cah . be chemically coupled 
through ..their polar head ..groups into a controlled multimer , 
which: is further con j ugated with a protein . Thirdly, 

; phospholipids that are thermophilic . bacterial, phospholipids , . . .. 

or : an analog thereof can be used . These phospholipids are 
20 f o r m a 1 1 y like p ho s p ho lipid dime r s in which the two 

;- : ; pli<p;^phol'i pi ds are conn ected via the 1 x : v : -alkyl- t ails . Either 
v one or both alkyl tails can be connected, .. Thus , a 
; ; : ; rnd homo 1 ec u 1 a r layer in a 1 ipos pme may ; look \;;.l;i;ke .a bilayer 

formed a normal phospholipid. The ' stablM^ of the 

Z.<:$25\ : : ^liposomes" formed by these:: '. . ^ d ime r i c • . .'. . . phb sp holi pi d s is very 

7;h;i^ , p o 1 ym e r 1 z a b 1 e p h o spho li pi d s can be used . The 

•■■^olYmer--..is preferably biocbmpatible ^and-bibdegradable , 
.;/.;';.; ;:;pr;e;ferab ly a polyester or; a ; po 1 y ami de : ■ 

•;;; : : : -v; : ; :: The -lipid component of the embodiment s of the sub j ect 
.... • ; 3 Q ;:bi'ri<3 iri g mol ecule- mu 1 t ienz^e; vcom^ 1 iposome s are:'.;;: 

;;';;:;p^ : f;erably not substrates of lipolytic enzyrne as 
-ef fector molecules . .When lipase and phospholipase A 2 are used- 
'.'.Z', -as;.;- ;.ah;';-; effector molecule ^ ^ against . 

t h e se e n z yme s . If ether bonds are used to connect alkyl 
■ 3 : 5; ;;;cha;i : ns'' with glycerol or other polyalcohols , the resistance is 
Automatically attained;, because these two enzymes are ester 
■ hydroi . Enzymes are also sensitive for the 
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stereochemistry of the lipid." Use of unnatural 
stereochemistry reduces or completely inhibits enzymatic 
activity. The liposomal lipid bilayer can be highly analogous 
to lipid part of cellular membranes. The liposomes of this 
5 invention may also comprise proteins in addition to the 
effector molecules. These proteins are not normal membrane 
proteins and their, concentration in the blood is very low... In 
order to make these liposomes to resemble normal blood : 
component or cell , additional proteins may be attached onto 
10 their surfaces. Possible proteins include albumin and 

glycophorin . . Albumin. .; is ,;; a.; mol e cul ar level scavenger, Which,;;.:;:; ... 
removes fatty acids' and lysolipids . These lipids are formed 
via the action . . o : f . ; ; the ; ; : . 1 i poly tic enzymes, which .are a part/of. .' 
the:, liposome . : , : Thua is an ideal additional cpmppnent ; ... 

15 of the 1 iposome / /.-because can perform a double f unction : /:^.;:/ 
camouflage and scavenging the hydrolytic products.. ... 
Glycophorin is a ; membrane bound glycoprotein,- It will : make / 

these liposomes . to: look:: like cells to some degree 

An advantage is that- the- number of :' • 

20 effector molecules ; ;ca adjusted without affecting-; 

the: size of' the;;; :l;ipps bme ^; : The various 'compdn^ht:^' may'''^ 
supposed to be. r a ndpm 1 y distributed over the surface . Because V 
. ; of ; the rapid. diffUsI^ effector molecule s' ; : : ; wh i c h; : ; a re ; 

■ needed to per f orrn;-; a?* certain • function , are available -when ^ ^ 
25 :• heeded. Once': binding^ molecules . 'makes-^a^ co 

;;;■;; '7 Vt^y target, p t h ear- ;;;^ad^ molecules w il 1 : • -d i- f f u s e •• • t- o • • • t h<s; • : - ;: ' : ; 

• vicinity of t-he--contact^ and will bind' - to ••••• ' the • : ' t a r g e t f 

J';':';:;Wp;s t;; ; t arget s; ; haye; : ^ s i tes neat: each ;;other;;'.';;^ 

s trong b i n d ing ; between bind! ng e f f e c t o r mol e cu 1 e s and-their^^^^ 
3;0.:,targets is preferr^ not n e c e s s a ir^ : ; tor. ; t h e ; . 1 ipps om e a - •; 

■;;.;;; ; containing d;i g e s £: iy e;';:e n z ^e s . For instance // ;^by 'remoyi;n 

lipid coat of "'She/3i^r-S>^/the protein core /of " the virus /will/Z/'/' 
::,::/:::::;.disspi ve and RNA ; ; i s ; : - e xpo s e id . . This happens ; when .the virus",;is;:/ ;:;.;;. 1 . 
• ■ - internalized ■ by ■ - the-;;Ce|l : : ^'-- ■ The 1 ipid bilayer- of the • virus- will - • 
35 f use with the eel 1 ul a r me mb r a n e and the RNA is released . This : ; 
is in contrast to .;:inf luferiza virus, which, has an endocytosis " . 
pathway . The infected • cell dismantles the inf luenza viriis : ih- : : 
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lysosomes using lipases and proteases. For HIV-1 proteases 
are not needed. Thus, proteases are not required ne'eded to 
inactivate HIV-1 and similar viruses, while for influenza 
virus and other viruses with a similar life cycle, proteases 
5 may be effective for inactivating the virus. The liposome 
internal compartment may also comprise an antisense 
oligonucleotide or other therapeutic compound such as a drug 
or enzyme, In some embodiments of the invention, the 
liposomes may comprise a DNAse orRNAse in the internal 
10- compartment of the liposome or as therapeutic effector 
; molecules;^ .on . the surface of the •liposome . 

Many naturally occurring proteins may be used without any 

. modification as effector molecules. Because in! some cases 

these, liposomes are used in viyq in humans, the human proteins. 
15 s hou 1 d ■ be;- ■ used to avoid unwanted; immune responses . Human 

proteins can be produced in transgenic ..plants or. animals . The 

amino acid sequence of proteins may. also be altered through 
well-known genetic engineering techniques to produce mutated 
proteins having the desired biological functions of ; 
20 cor resppn natural ly oe.curr i ng -pro t e i n , but adapted to 

: coii^Tifig:: t: o ; li pid molecules ••;- ; - : ;;' :; ;For : :.;exampl e, addi t io h. of a 
cysteine residue, either through, substitution or inserting, 
• , w i 1 1 - • a dd • ; ; a . "free thiol g roup : : f 6 r : ; coupl i ng ; to a ; lipid molecule . 

■ Mq r e o ye r the location of this; -cysteine^ can be de 1 ibe rat e 1 y 

25 c ho s en v • • • it: ' s hou 1 d be 1 oc at e d ' s o' : • • t h a t • con j uga t i o n : doe s not 

;drstii^ ivi ty of the. iprptein;. Normally : ;thisr that 

the cy s t ein e must be as far as possible from the active site . 
..';" :: ;;..;:.;;;:v:; : in;: : o^ to covalent ly ^ cpu^ a ; 1 ip.id ; with ; art ; ef f ector 
molecule; , : ; : v the lipid must contain a functional group which has 
3'0 "h^ t i vi t y wi t h -he tie 1 i nke r . 

. Phosph^ - amines . ;.(;PE):;;;have ; f ree ; al iphatic;; amino 

group and can be used directly for • conjugation . •The 
. c6h[j ugat ion of pho spha t idyl' et hand 1 arni he s (PE) :.ahd;; serines ( PS } 
with :: pr ot e ins is well known in the literature { Egger et . al . 
35 BipcheM;;::::B Acta 1104 ; : (1;992) .45-54). Especially, if the 

p r ofc e i rv : : c b n t a i n s a thiol group, a chemically well defined 
cdhjugate be easily prepared. Several spacers are 
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commercially available to couple two molecules, which contain 
an amino and a thiol group. If a protein does not contain an 
a thiol group, an aliphatic amino group, may be used for 
conjugation. Thiol groups are preferred for conjugation sites 
5 in proteins as compared; with amino groups because of the lower 
abundance of thiol groups in most proteins. 

* 

Proteins can also be conjugated with lipids after the 
preparation of the. .liposomes so as to position the proteins on 

10 the outer surface of the liposome. Phospholipids having 

unnat ural s t er eochemi s try may be prepared as described in the 
literature , for example see , ( J . A. Virtanen et. al . , Chem . 
Phy s . Lipids 27 ; ( 1 9.80 ) . 1& 5) - D-Mannitol is tritylated to 
yield 1 , 6-ditrityl-D-manni:tol , which is oxidized with lead 

15 tetraacetate..: and the product reduced with sodium; borohydride 

to yield . 1 - trityl - sn- glycerol (1-TrG) . Diacylglycerols and 

phospholipids can be : prepared starting from 1-TrG by standard - 
methods ...... For. . the liposomes described in this application 

ether bond is preferredsat: least in the primary hydroxyl 

20 group > because it is-resistant against lipase. In some 

■ embodiment s an sri - hydr oxyl : e s t e r bond may be .:usef:dl because V 
the unnatural stereochemistry makes this bond,- stable, against 
phospho lipase A 2 .: Other; lipids for use in the subject 
liposomes include 2-:oleoyl-3-triacontanyl-sn-glycero-'l- 

2 5 phospha t idy 1: e thaholamine and . other 2 -acyl - 2 -^alkyl -PE :; s 

' ... I : n anot :^ er :/?^R^ i ^ nfc : . of tne binding; molecule -mul t iehzyme ; 

complexes of the .invention, in which the joining 'component is 

a peptide . The ;pept ide;may: be either naturally; <^ : 

e : * ? ;>/ ; s P ect rin or fibrin, ; or may be art if ipial : :; ;The peptide: 
30 joining :cQmppnent :;m form of . a large fusion, protein^ : - 

^ en :^ he : : binding e f f ;ec tor mol ecul e and the,; t h£r apeu tic ; : :. 

e f f e d 1 6 r • mo 1 e c u 1 e a ^-? kot h-proteins . One "advantage of using- 
. :M nd i. n g.:. ntgl ecul e ^.muitienz complexes that ... are : :f usion.! . 

proteins . is that the- .compound may be produced by standard 
35 recombinant DNA production techniques such as those known to/ 

the person of ordiha^ skill in the art, such as described in 
■ . . Goedolei, Gene Expression Technology Methods in ErizvmoT oqy . : 
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Vol, 85 Academic Press, San Diego (1988). In other 
embodiments of the invention peptide joining components may be 
used in which the compound is not a fusion protein. 

In other embodiments of the invention,, the joining 
5 component may be a dendrimer . A dendrimer is a highly 
branched polymer. Dendrimers provide numerous sites of 
/attachment for effector molecules at the; "termini of the 
dendrimer. Information on how to synthesize various 
. dendrimers suitable f or use in conjunction ..with this invention 
10 are well known to the person of ordinary skill in the art of 
;. ; , org a n i c ; . ; c hem is t ry . Enzymes may be .con j uga polymers to 

extend their half -life in the blood (R.F. Sherwood et. al . , 
Biochem J . 164 ; : (1977) 461) ; M.J. Khauf /;: : ;efe;.v,.al;. 7 J. Biol. 
Chem,. 26 3 (1988) 15064; A. Abuchowski ,and : F . Davis in 
. 1 5v ^- : E nzym e s • " .as . . fjrugs 1 / (Eds.. J . Hols e nber g • ^ and 7J^. : , : Robe r t s ) John ' . . 

Wiley and Sons, ...New York, 1981, pp.". M7-, 3:8.3^ ..Description of 

how: to join eff ector molecules to polymers:: can be found in R. . 
. - Labeque/ e -t. al. , Proc^ Natl Acad. Sciv : .^USA:x-M. : , : (.199.3) 3476 ... 

' y:v ^ . The 

2 0 \ st rue t u r e p f ; t he p o 1 ym er is not well; def ined- and the coupling 

: " : ; i'§ ^::.; e y£ h 1 e s sfd ef i risd . v' ; ; ■ ""0 n 1 y average ri^ enzyme - 

*» 

.mblecui.es. per enzyme is known. The coupling the enzyme 
. : ; ine residues ;; arid most enzymes 

• ■ : contain s e ve r a 1 1 y s i n e s > the po 1 yme r c an; be coup 1 e d to any of - • 
• : ; 2 5 i : t h e s and • : p o s s i b 1 e • -to several lysines; x in ff- the enzyme .;; ; 

;. : ' :: ';;;v ;; : ;v: : ; • The- • - e ff.ee tor : : ' mo 1 e c u 1 e s can b e :; c hem i;c al l;y c dup 1 e d with a : 

• : p ar t i f icial ;or^ ; ^ . ■ Graft : ■ 

: ;.;;;!-'!:S op e r a t i o h £l ; ; f i;e ^om ;. :; ; Dendrimers ;;;;; •; ; v 

; ; ; ; ; vhay i n<g ; ; c hem i c a 1 ;ly ; ; ; di f f e r e n t branches • can^ : p chemically. 

; ;. 23$. ■; : ;- : we;i;i : !; ;;def in ed;: ;.;s true £ur*e.:;.; 

; ; ; ; Xhe b i ndx n g^^ . m ;c u 1 e - mu 1 1 i e n zyme ; ; ;c pmp 1 ex e s of the _ ;; 
invent in a variety -of ■ ^environment s , Neither'. . 

\Z:Z:':dn^Mi£ro. or 'in'yivo^ :;; Binding mo 1 e 'c li 1 e ^ rriu It i e n z ym e complexel; ; ; 

■--■may-- b e c o n s t r u e t ed : in vi tro by mixing- the various constituents 
V;;35;;;;unde.r; conditions.:; Condi t ions in the in vi tro react ion mixture 
'^^$:;:'be .varied so''\as\:to'' influence the :' : rat : e; of "binding molecule- 
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multienzyme complexes formation and the nature of the binding 
molecule-multienzyme complexes produced. 

The binding molecule-multienzyme complexes of the present 
invention may be used in a very wide variety of applications 
5 which include, .but are not limited to treatment of infectious 
disease, including HIV-1 infections, treatment of 
atherosclerosis, treatment of cancer, immunoassays, self-- 
assernbling resist materials, for electronic self -assembling 
nanocircuitry > catalytic clusters, sensors , supramolecular 
10 drugs, which are capable. of encapsulating viruses and/or 
destroying viruses,.. Drug and enzyme targeting to ..cells: and 
viruses may be enormously improved by using supramolecular 
assemblies of -the- invention comprising many similar or 
different monoclonal, antibodies and several drug molecules., 
15 enzymes or other : effector molecules . 

It will be: appreciated by the person of ordinary skill in 
the art that the: therapeutic embodiments of the binding 
molecule-multienzyme complexes of the invention (e.g., 
compound for the "treatment of cancer , viral infections , : 
20 atherosclerosis in which; ;e f f e c tor ; 

molecules aire - j pined to 'one 7^n6thef through conventional,; 
i.e., non-polynucleotide, linkers. The use of non- 
polynucleotide linkers, is well-known the person of ordinary 
skill in the art and is deiscribed in , among other pi ace s: , in 
25 several volumes of the series Methods in Enzymolog;y> Academic 
Press , San '.DiegpVCA; Examp 1 e s. : p f sue h non - po 1 y nu cl'e.;6 1 ; ide ;...;;;;.;.' 
1 inkers i n c 1 ude , 4 - be nz pyl be n z o i c Ac i d N - hydroxy succinimide; 
esters , 3 -maleimidbbehzpic ers, 
1 , 4 -phenyleiheispth like . In ■ 'thpse;: ;;■ 

30 embodiment s^. of :^.the^ .invent ion ^dn.^which no n - p o 1 y nu cie at i de 

linkers are; used to j oin ; eff ector molecules , it maiy Ybe. ; : ; 
advantageous -to administer a mixture of di f f erent effect or 

molecule conjugates to a pa tie n't'.'' rat her than a large. • 

supramolecule In the treatment of HIV- 1 infection for 
35 example, rather than administer a single supramol^cul e 
comprising (i) an anti-gp>120 macromolecule , (ii) a : ' 
phospholipase , and (iii) a proteinase , it may be desirable to 
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administer a formulation comprising (i) an anti-gpl20- 
phospholipase conjugate and (ii) an anti-gpl20-prote&se 
conjugate. 

When the binding molecule-multienzyme complexes of the 
5 invention are used in vivo, the compounds are typically 
administered in a composition comprising a pharmaceutical 
carrier . ..A pharmaceutical carrier can be any compatible, non- 
toxic substance suitable for delivery of the therapeutic 
proteins., and. nucleic acids to the patient.. Sterile .water , 

10 alcohol , : fats , waxes , and inert solids may be included in the 
c a rr i e r .; '; ; :; P h a r ma ceutically accepted adjuvants; (buff ering 
agents, dispersing agent) may also be incorporated into the 
pharmaceutical, composition . . .. " . , 

The binding molecule-multienzyme complexes .cpmppnents of 

15 the invent ipn^lmay be administered to a p at ien t ;• • {in '. = • a, -variety of 
ways....... Pre f e.rab.ly , the pharmaceutical c omp ds.lt ions . may be 

administered; parent era! ly , i .e . , subcutaneously :-, ••; 
intramuscularly or intravenously. Thus , this - invent ion 
provides:: •compositions for parenteral administration which 

20 comprise- a solution of the human monoclonal; antibody or a 
coc k tail :; : :th£r^o:f di s so lved in an acceptable: : okt r :i:|tr ; " 
preferably, : an aqueous carrier. A variety of aqueous carriers 
c a n ; b e ; )M : $£d ; Z- ;.;.e.;. gr water, buffered water , . 0 ; . 4 %■ ; s a line , 0.3% 
g 1 y c e r i ne and the like . These solut ions are; • : s t e r il e : ; ; and 

25 generally 3 part i c u 1 at e ma 1 1 e r . These'^ : cbmp6si-t:ions may 

be • • • s t ;e r ii i z : e:d:; ; by • • • convent ionai, we 1 1 known . s't e r i;l;i z ati on 
tec hniqu e s v*-;- •;•;••• The • • compositions may contain pha r ma c e u t i c a 11 y 
accep>t:ab;le ;,;;auxilia:ry substances as required; . ;t p : appro x i m a t e 
p hy s ipl pgi c a 1 : ;c p nd i t ions; such: as pH ad j u s t i rig : and'. ; bu f f e ring 

3 0 agents ^ ^toxim ty '.'ad j ust ihg : ageht s and t he iike^Vx-f or^e'xamp 1 e 
s o di urn . ; :ap;e £; a t ;£;, sodium; chloride / potassium .;. ; c h lo r i d^; 7 ; c a 1 c i u m 
c h 1 or id e •>•'•• ! • so di urn. lactate , etc . • The concent r a t i on . of 'a i body 
in . these ; • f o r mu 1 a t ions c an . ; va r y , widely, e. g'.., ...:f roniyviess than 
abou t ^ ; 5 % / u s u a 1 1 y at or at least about 1 % : to- as- - much as 15 

35 or 2^ and will b e selected primarily based on fluid 

volumes ^viscosities, etc.,. in accordance with the particular 
mode ' of ; idinih i s t ra t ion selected'. 



WO 96/32841 PCT/lIS 96/05389 

Actual methods for preparing parenterally administrable 
compositions and adjustments necessary for administration to 
subjects will be known or apparent to those skilled in the art 
and are described in more detail in, for example, Remington ' s 
5 Pharmaceutical Science , 15th Ed., Mack Publishing Company, 
Easton, Pa (1980), which is incorporated herein by reference. 

An important use of some of the embodiments of 
supramolecules of the invention is a 2-dimensional 
supramolecular structures on semiconductor or other 
10 electrically conductive surfaces so that desired patterns of 
:' self -assembling resist materials may be conveniently formed. ,1; 
Thus, the use of X-rays and electron beam lithography may be 
avoided when, creating, nanometer scale patterns on the 

semiconductor surf aces.. ..This ...capability will .make a completely 

.15 : new. order of nanoelectronics- possible . 

A second application of major importance, will be self.- : 
^assembling nanocircui try using this technique. Pre-prepared 
diodes, transistors, capacitors, resistors, etc. and wires can 
be connected in h i ghl y s el e c t i ve ways to form two or three . 
20 dimensional electronic- -entities . Electronically conducting : . : 
: c omp 1 erne n t a r y po 1 ynuc 1 36 1 i c ha i ns may be used when electric:; 
. contact of the nanocomponents is needed. 

: Binding molecule r- mult iehz^ complexes ,\ of the 

invention may also be u s e d in catalytic and sensor 
.'■.-2SZ. applications . Emp 1 oyi ng ; •; It he- ^binding molecule -mult ienzyme 

complexes m e t hodo 1 ogy of t h e present invention, enzymes may be 
attached to a surf ace in an organized fa in order to • •. 

: ;.;;;;;.create.. de s ir ed s e qu en.t i a 1 : : r e a c t i on , ; ; With'.' ; regard to sensor..; 

applications , a senso r; : may be created that 'contains additional ; 
; . 3 6 . ; ; ; bi omo 1 e c u 1 e s or o r g a n i c ; ; ; mo 1 eo u 1 e s that;!; give- a^photonic or i'.ZZ : Z-: 
;";';■ ''eilectrical signal whe n ; a ; mole c u 1 e of interest is the 
supermolecular assembly sensor 

..;;;;; Binding molecule-mult ienzyme complexes components of the.; 
invention may be used • to provide novel immunoassays and 
.35 related assays for the detection of compounds of interest. 
; Immunoassay technology is highly developed and well known to 
peirsdn of ordinary skill . in ' the art, see, for example, Hudson, 
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Practical Immunology 3rd Ed. Oxford Publication (1989) , and 
Catty Antibodies: A Practical Approach Volumes 1 & 2 'Oxford 
University press (1989) . Conventional immunoassays typically 
employ antibodies conjugated to enzymes, and/or antibody - 
5 antibody conjugates. It will be appreciated by one' skilled in 
the art that many embodiments of the binding molecule - 
multienzyme complexes, .preferably the supramolecular 
assemblies may be substituted for the conventional antibody 
conjugates used in conventional assays. Binding molecule.-.. 

10 multienzyme complexes of the invention useful or assay 

comprise at least one member of a specific binding pair (e.g." , 
an antibody, where the specific binding pair of molecules is 
an antibody and antigen ; target ) as an effector molecule ' 
portion of a b i nd i ng mo I ec u 1 e - mu 1 1 i e n z yme complexes component. . . 

15 Such ' binding mole c ul'e ^ mu 1 1 i en z yme complexes supramolecules ... 
may., for example, .comprise... il). , two or more specific binding , 
pair members, e .g.,. antibodies , (2) an antibody and an enzyme 

r 

capable of generating a detectable signal , e.g. ,. alkaline 

phosphatase . 

20 Numerous advantageous variants of conventional 

immiirioas s ay s are ^riabl^d b oy ing the binding mole cul e 

multi-enzyme complexes,,, .preferably supramolecular assemblies; . 
.." of invent ion instead;;; of : ;;;fionveht ional antibody conjugates ; 

because certain embodiments of the subject binding moleGuie-- - : ;^ : ■ 
25 multienzyme c omplexe s • • may -be • a s s emb 1 e d , disassembled, '6zZ' : .ZZi-Z'.:, . 

reassembled dur i ng - an; - assay due to the ability of the double'- ''^ 

stranded nucleic acid ^rno i e tie s of the assembly to disassociate - 
■ or rerrioval of t he ;^ condi t ions . ;For ;;example , ; ; ( i )ZZ^ZZ'Z'': 

binding molecule - mu 1; t;i e ia z y^e. c omp 1 e xe s c on\p r i s i ng a n t i body ; 
30 ! "j oined . by a doub 1 e"; : ; ,s ;t r ande d : nu c 1 e i c acid ^molecule to. ' [ah^'enz^eZ7' : -lZ 

producing a de t e c t able; J ;s i gna 1 may be bound to a target antigen v 

of interest , (ii) the' .vbinding molecule -multienzyme complexes. 

. . ;^ay;;;;then be disassociated to release "the .'binding 

mo-lecule-multienzyme - complexes comprising the- enzyme effector - ; 
35 molecule (iii) the : bound ;; portion o*f the binding molecule- - 

multienzyme completes" may then be used to form a new binding 

;mpT^ with a second antibody as an 



wn o/;m8ii prT/Ti.<;Q/;/n^«Q 

effector molecule, thereby permitting the immobilization of a 
second molecule of interest at the same location as the bound 
binding molecule-multienzyme complexes portion. A person of 
ordinary skill in the art will appreciate that the properties 
5 the subject binding molecule-multienzyme complexes structures 
permit many new and useful assay procedures to be performed. 

The binding molecule-multienzyme complexes of the 
invention may be adapted so as to prevent or treat various 
■ infectious diseases, including HIV-1>- the etiological agent of 
10 AIDS. Specific infectious organisms may be targeted by 
^ "creating, and administering .in "ah' "ef feet ive amount of binding 
molecule-multienzyme complexes of the invention comprising as 
; therapeutic effector molecules, (.1) an antibody specific for 

molecule on the infections . agent and. (2) an enzyme capable of 

15 catalyzing the modif ication df..v some 1 'integral structure of the 
■infectious agent . For example,: -a- binding molecule-multienzyme 
complexes adapted for the control of HIV- 1 may comprise an 
- antibody specific for one or more H I V - 1 v i r u s components, 
e.g. , gpl20, and one or more : of the : following enzymes (1) a 
;2p:;;:phos[phol (2 ) a lipase;;; ( ;3 :) : ;;;: ; a ; : ;. phole sterol esterase . 

">""■' By including such enzymes ■ i h a ; b 1 e cu 1 e - mu 1 1 ieh zyme 

complexes, the lipid bilayer coat the infectious viral 
-particle that may be destroyed H . . • Addi t i on a 1 1 y , binding 
;;;;;:; ; ;mo 1 e c u l;e ^. mu 1; t i e n z yme complexes ;pf : t he ;; invention adapted f or 
•25 the : treatment .of the i n f e c t i ou s <3 i s e a s e ma y further comprise 
• : 6 f ; p r p t e a s e ; c a p a b 1 e of de g r ading l£^£ot& i n component, of the 
■infectious .;;agent' and/or a si rig le ; s t:r ande d nucleic acid capable 
'of hybridizing 1 : 'to a p o r t i o ri b f .. • t ti e • V.ge home of the infectious 
organism;;;pf ;: Interest . lit other: :;e of the binding 

3 0 mo 1 e c u 1 e ;- mu;l t i e n z yme complexes - o& t for ■■•the •• 

t,reatmerit7p-revehtion of HIV- i:;'an£eMibhs , soluble. CDtiZie.g. , 
TT4 ) may be- u as a binding : ;"-e;£f^e;tpr"\molecule- to provide 
viral target specificity. Soiuble ^CD4 ( sCD4 ) fragment of CD4 
binds "to .; ttte ;; : HTV-1 virus in a manner : s imi 1 ar to the "binding of 
35 whole CD4.;(R.;. Fisher, et . al ; "Nature 331 (1988) 76-7.8) . The 
.. _ , product ion Jof .. sCD4 is describe d • . ampn g other place's ' : in, P. 
Maddon, et al . ,USP 5 , 126 , 433 : . : "-in order to provide for the 
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covalent attachement of sCD4 to the remainder of the binding 
molecule-multienzyme complex, one ore more cysteine residue 
may be added to the sCD4 (or CD4) by mutation. Preferably, 
the additional cysteine residues are located on side of the 
5 CD4 fragment that is distal to the HIV-l binding site; 

preferred sites for introducing cysteine residue substitution 
mutations are at sCD4 amino acid.' residue positions 64, 364 or 
374 or 377. sCD4 containing additional cysteine residues may 
. be produced either by in vitro peptide synthesis techniques or 
10 by conventional recombinant DNA expression techniques. 

Binding molecule-multienzyme complexes , particularly; ;; 
embodiments employing a liposome as a joining component, may 
, be. adapted for the treatment of .^atherosclerosis . LDL has a . 

cholesterol and cholesterol .ester : core. surrounded by a 

: •: 15 v. pho sp ho lipid layer. Into the' spherical;'^ ipid droplet four app .: 

... B .molecules are partially buried and are. tetrahedrally. 

-located. The overall structure is well defined and proteins 
are oriented so that the lipophilic domain is inside the lipid 
-and hydrophilic part is in the :;: water.': :; "'LDL is very sensitive 
;20 ;and forms by vortexing in vitro similar as observe^-. ;•; 

" : ::;; : : ::c : x ; : ih atherosclerotic pi a qu e (J. ••C : :;'::KKpp : : / "' , : , 'E: ' Miller , P . 

McLoughlin and D.. Steinberg. 198.8..' Enchanced Macrophage 
ZZ':- -Uptake of Low Dens i t y Li pop r o t e i h x a f t e r . S e 1 f - Agg r e g a t i o n . : : : . 
;v;;^ and 
•v- ^ the protein •:--i-s.---....-.:..-.x. 

and deposited. Lipids;;:^ LDL particles: 

Zr ; - ; T----- : 3iggregate and form droplets having ;dla of 3 0 - 400 nm v :: An 

which;, ;;i;s;;;speci^ LDL can be;;' ; :;;;;;:;;:.'; 

: ; :::: ;; : ;;;; : v: produced by a person of ordinary ..skill.; in the art. The ;; 

circumvented-! by Zt he 

:;":;;;;; ;;;;;use of 1 ippspmal binding mp 1 e c ii 1 <s; mu 1 1 Ie n z yme complexes;.. 

: ' : -Furthermore , because liposome binding molecule-multienzyme 
:..r;:,:;,::;:c6mplexes binding, is mediated, by • • mu 1 1 i p 1 e . antibodies, it is::... 

stronger and more select i ve ; t han the binding by a single 
;: : ;^5; antibody. Up to 50 -60. ant ibodies can bind the liposome to the 

;, plaque without preventing enzymatic reaction . When lipid 
^ ..." carbon -carbon double bonds in LDL are oxidized to aldehydes 



they form Schiff's bases with the lysines of apolipoprotein B 
(W. Palinski in "Cell Interactions in Atherosclerosis" (Eds. 
N.J. Severs and H. Robenek) , CRC Press, Boca Raton, 1992, p. 
1.) . These structures in oxidized LDL are antigenic and may 
5 used as targets for antibodies to be used as effector 

molecules, both binding effector molecules and therapeutic 
effector molecules. Because this reaction proceeds often many 
years in the plaque, the concentration of the antigens is high 
in contrary to circulating LDL particles, which are 
;0 metabolized fast. Significant part of the oxidation is 
.; : performed by the .. metal loproteiris . secreted by macrophages . 

Unfortunately macrophages are. located mainly close to the edge 
...of the plaque and the plaque is not : evenly oxidized. 
... Accordingly antibody to oxidized LDL . does not bind evenly . to 
5; the plaque . The enzymes coupled; to; the: antibody would digest 
.....mainly the edges of the plaque thereby amplifying the effect 
of macrophages . The end result might be the rupture of the 
/ plaque . 

Another possibility is t6' : use ::: ariin1:ibody that is even 
PlB9 deratel y specific for plaque;;^ z ing enzymes near 

: ;d epos i ted LDL . Circulating LDL Mght be oxidized to some 

degree, but it is metabolized fast and . completely removed in a 
^ short ..period of t i me . .'. ^tibod^ -multienzyme complex 

containing antibody for oxidized : ;LpL; :and digestive enzymes is 
S ; : then given to -the patient . Ox i c3 i z ed : : ; LDL : i s now evenly : 
;:. "^distributed and. the plaque is a 1 s 6 ; di ted evenly. . Thus:,';;;: 
.; : pne treatment cycle consists o f . . s e r ie s : : administration of both 
;:;;.; ;t;he oxidative arid: the d i ge s t i ve : : :ah t i bbdy -enzyme complexes ., : A 

chimeric huitian'/murine; ant ibody :;Z2p'3^ i c for human:.;;::, 

0 atheroma has been, . prepared: X J- . - N aru 1 a > ■ - • C . ' b i 1 1 o w , F . Chen • " H-J ■■■ 
:.;:;W, Strauss and .B . -A. Khaw. 1992 .:T^ localization of 

experimental atherosclerotic lesions; w^ mur ine /human 
:" :: chimeric antibody Z 2 D3 F (ab' ) 2 . : ^eiri-can Heart Association- • 
: 6 6th Scient if ic ^Meeting , November: 16- 19 , 19 92 ) an may be used : 
5 as effector molecule in the bin d i rig; mo lecule-multienzyme 
.complexes of the invention. Fibrin is a major nonce llular 
constituent of atherosclerotic plaque V Fibrin is insoluble 
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even, if the surrounding lipids are removed. Fibrin network 
will also hold the cells immobilized. Accordingly the" digestion 
of fibrin is mandatory. Plasmin is natural fibrin hydrolase and 
is preferred also in this connection. The problem with several 
5 active proteases is that they are inhibited in the blood and 
removed from the circulation. Obvious method to avoid fast 
removal is to use plasminogen, which can be activated after the 
liposome has attached onto the plaque. Activation can be 
. performed using, for instance, urokinase or recombinant tissue 
10 plasminogen activator. These two proteins are already 

/ clinically approved for the treatment of acute myocardial;' 
infarction. They can be used as such or targeted using separate 
.! ...liposomes . Using, liposomes '. the enzymatic activity is released . 

only if two different types of liposomes are simultaneously-. 

IS .present . The s e 1 e c t i y i t y - is increased enormously, because only; . 
,. ,a .relatively large ^surface. ...containing enough antigens can. bind., 
these two liposomes simultaneously . . For instance , circulating 
lipoprotein particles will not be. affected. Side effects are 
reduced, because: freely floating liposome does not have 
2 0; proteolytic activity . The principle of using inactive proenzyme . ; 
: ;V::can. : be extended t b £hp sphdi ipa se subscript , which has also ; '; : -'^n"'y ; ' 
inactive proenzyme . The use of proenzymes is not . only 
advantageous for theVclihical: use, , but ^alsb the production. -of 7.-.:. 
.pro ^enzymes is much easie^ production of actual enzymes .. ; 

2;5.:.:The:: ; - presence of ac t i ve p ho s p hoi i p a se ^ A 2 would be virtuaiiy>^ : 
:;■;.;;: ; impassible in the ;/.; : ;; gp^ t ; : : ; mi Ik;, : wh i 1 e ..pro en z ym e i s harmless;;,;;; 
• Gh o 1 e sterol esters ; ;and ; : t r i g 1 y c e rides are mo s t insoluble i i pi d ;' • 
;;,;:;;;:dpmp By hy^ral^iitig'^ them; by ;chole;s t.erpl ester hydrolase 

-;;;;;;;^nd;;;;.lipase will -p^q^^^^ easily soluble f atty'r;ac;i.dsj;;;;.;; 

ifeand: ; ':.:monoglyceri.de,s^ : ,' . ,'i s.Z e : V ia r .g e s t lipbphi'irc:,::.-' 

,^y.:^prnppnent . Moreipy^;r;:;;:i;t;,; is the ' mos t ; ;di;f f icul t to degrade v \ '. 

Cholesterol oxidase: : wi 1 1- t : r a n s f o r m cholesterol to 4 -cholester-3 - 

: Tone., which is relatively.;, polar . . Thus::, i.oxidi zed cholesterol.-. : 

-■should be removed from the plaque . 
35\ ; : ;; ; The principles "presented in this application enable the 
. v purposeful construction of huge molecular . assemblies having an 
exactly known chemical. structure . For example, in Example 6 /as 



shown in figures 5A-D, describes the construction of a 
supramolecule for capturing virus particles which would have a 
molecular weight of about 4,000,000 Daltons. 

Another aspect of the invention is to provide binding 
5 molecule -mult ienzyme complexes adapted so as to mediate the 
transfer of polynucleotides of interest into a host cell, i.e., 
tr.ansf ection or transformation. Binding molecule-mul tienzyme 
complexes of the invention for cell transfection comprise "effect 
of molecules capable of initiation the natural internalization 
10 machinery of a eukaryotic cell. Such effector molecules e.g., 
v antibodies , are capable of binding: to cell surface molecules ,7^ . . . 

e.g., receptors, and preferably cross-linking the receptors when 

...the effector molecules are., components of a binding molecule- 

. mul tienzyme complexes, of. the invention. ... .A binding molecule-..-. 

15:; mul t i - enzyme complexes ■= ..comprising • multiple antibodies :may : - . 

increase chances of internalization by increasing the 

- - concentration of cross -linked cell - surf ace molecules . 

Additionally, sets of supramolecular components of the invention 

may be used to transform cells by : employing the internalization- :: 
;• ; 2 Q ma c h i n e r y of the ce;l;l ; ;.; ;: 'For example , a- - first s u p r amo ie c u 1 air ' ; ; ;:; 
f v: ';:'':77 component consisting;; "of '?""'"' a v cell surface receptor specific "T-""- 
antibody joined to a nucleic, acid moiety and a second 

• s up r amolecular component Z, cons 1st ihg7 -of -,7a .second cell .surf ace 'ZLZ:.Z. 
receptor- specif ic antibody joined to . a .complementary nucleic"; ; ;' ;: 

::::-:::xv:25:::.:acid. moiety . By permit t i ng the first and second supramoleeular ;v; : v: 
;';;;5:omporaent nuc 1 e ic' vacids;'; to;; hybridize to one another a f ter;;'; : ,th^.;.; ; ;;; 

• antibody moieties have ; bound to a cell surf ace , receptor -c ross- : ••••••••;••;••••:•••'••" • 

';;;;;;:; '":"v;';;. linking, and henc e; ^ ; ; ; in t e r ri a 1 i z at ion, . : : : may be achieved. ;. 

2 : : S up r amo 1 e cu 1 a r assentolies^ q the inyent.ipn may also comprise:;' ;;;;"' 
; :: ; Z3 6; : add it i o n a 1 nucleic. ^ into a host cell of - 

.;';';';;;.;;;;;;;' 'interest . Nucleic;:: acid; ; c omp o h e ri t s ; ^ p f ; s up r a mo 1 e c u 1 a r assemblies 
: -for- cell transformation may be detached from the s up r amo 1 e cu 1 a r . • 
. ;. ,;;;y;;.assembly in a variety^ ^of . ways . As. ..shown . in Figure 15A, : - -/the ■■■■ 

nucleic acid may be ■■"detached- through ; : the use of restriction;-'' • ' • 

35; enzymes or other nucleases . Additionally, nucleic ; acid 
'.';":'' components may detach from binding mplecule-multienzyme 
.:': complexes through the process of nucleic acid denaturalization/' 
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provided the. nucleic acids are not covalently attached to the 
assembly. In another embodiment of the subject binding 
molecule-multienzyme complexes for transformation, effector 
molecules having phospholipase A 2 activity may be used to 
5 introduce pores into a cell membrane. In other embodiments of 
the invention, the supramolecular assembly may comprise 
polyamiries, e.g. , spermine so as to mediate transformation . 

The large scale solid phase synthesis (e.g., over 1 mmole) 
of oligonucleotides is difficult to achieve .using, previously 

10 described synthesis methods. A significant problem with large 
scale syTithesls is the efficient mixing of the heterogeneous 
system. Silica, polystyrene or other similar solid support 
particles ; (typically spherical) modified with pplyethyleneoxide 
chains ..are; commonly used as a support for oligonucleotide- 

15 sy n t he s i s ; v • ■. ; • '. ... The growing oligonucleotide. ...chains^ coils 
and stacking re 1 a t i on s h ip s , even between pligpnulceotides on 
separate;:: support particles, thereby creating a network that can 
prevent . the. efficient entry, of reagents . The higher, 'density of 
t he s e : : sphe ri c al. particles also, makes ef f icierit: ^reaction mixing 

20 even more ; ;di^ . 

synthe s is of ol Igonuc 1 e o t i de , : e rgr .. ; : 0 . 1 - 1 mole , 
is. useful for the commercial scale production of, supramo 1 e c u 1 e s 
and s up r ample c u 1 a r components of the i n ve n t lp n ;.; : . Th e ; ; following 
improvements of the current ol igonucl eo t ide^ synthe sis procedure 

25 sol ve i x • • t he • • • • ab b ve - de scribed., p r 6b 1 e m s surrounding scale 
syn t he sis of pi igonuc 1 e o t ides. First , a c e t o n i t r i le is replaced 
with . a. solvent or solvent mixture that has a speci f i c dens i t y of 
about.^ '• that • is\ ; -.also; ; better • ablje;;;;^ the 

heterocyclic ; : ba s e s of nucleotides than acetonitrile . Suitable 

30 splyferit^h de'Mxed'^jprpperties , inc lude be n t r i 1 e or 

a • nii^u^^ and dichlorobenzene ;;; of 

the s e • • s b 1 vent s " is compatible' with the u s e • b f i • p b 1 y s t y r e n e or 
c pmpa r ai b 1 e ; • ;s p 1; id support s :; Solid supports; will^flpat . in these 
preferred solvents , thereby permitting mixing steps to be easily 

35 performed :y Another improvement over conventional 

ol igonucl e.bt i de synthesis that may be used to effect large scale 
s y n t h e sis is the exposure of the react ion mixture to microwaves 
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during the coupling step. Microwaves increase molecular 
rotation and reduce unwanted polynucleotide network "formation 
without subjecting the reaction mixture to excessive heat. An 
additional improvement over conventional oligonucleotide methods 
5 synthesis is instead of monomeric amidites, dimeric or trimeric 
amidites may: be used as building blocks. Even larger amidite 
multimers may be used to construct oligonucleotides ; however , 
monomeric, dimeric and trimeric amidites and their combinations 
are preferred. Using dimers and trimers as building blocks 

10 requires preparation of 16 dimer amidites and up to 64 trimer 
amidites ^separate . The use of multimeric amidites the number of 
couplings during automated synthesis is decreased significantly 
and accordingly ' .the yield and purity is increased:. The three 
above-described oligonucleotide improvements . may be. .employed 

15 separately^ combinat ion with, one another . . • • • • A i.' person of 

ordinary ; skill ::: in. the art will appreciate, ...that . ■...an. . ■ ideal 
combinat ion : of :t he .above -described improvements will depend upon 
the length, of the. oligonucleotide, described and the scale of the 
synthesis, 

20 Another aspect of the invention is to provide methods and 

compositio in • vivo genetic man i pu 1 at ion 6f : 'eel Is in 

humans and ..other animals Such genetic manipulation methods and 
c o mp o s i t i on s; ; ; ; ; ; may; be used to .;;:modify targeted, /c^lls:.- -;sb -^as to 
e it her • • exp r e s s or • not express a gene of in fee r e s t : ; : : • By e it he r 



express i ng : : c 


jr. not expressing ,a selected gen 


ey;-v.;^ : de sir abl e 


proper ti e s : ;m< 


ay-be ■ added to the targeted cells ;;;-; 


: : The : genetic 


manipulation 


^methods of the invention comprise 


: ;;the ;:: $tep of 


administeriric 


[.. an: effective amount of a - bindi 


ng : : :: molecule - 


mu 1 1 i enzyme 


complex of the . invention adapted ;;; 


for-v/targeted 


g e n e t i; c ; ] rri a n; ip 


illation . . . The .binding 'molecule -mulfcie; 


n z yme "I icomp lex 



adapted for ; ; : t: a r ge ted genetic; manipulation may.;usCa;:yariety of 
dif f ereht-;;:mole^ as j oinirig^components , including -liposomes , 



proteins,,;.; ^ftue;llei-&: acids and, the/like . Preferably ^Vthe.:^ dining 
component • : is a liposome . The- binding molecule -mult ienzyme 
35 complex; • adapted; for genetic manipulation comprises ; one or more 
ef f ector; ■ ; molecules for targeting the binding [ molecule - 
mul t i enzymb complex to specific cells of interest'.' ' Such 
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effector molecules for targeting include, but are not limited 
to, antibodies for cell surface markers specific to the cell of 
interest, ligands for receptors, on the cell surface, and the 
like. By using one or more targeting effector molecules, the 
5 binding molecule-multienzymes may be targeted to cells of 
interest. The binding molecule-multienzyme complexes adapted 
for genetic manipulation further, comprise a genetic manipulation 
complex. In embodiments of the invention in which the binding 
molecule-multienzyme complex adapted for genetic manipulation 
10 employs a liposome as a joining molecule , the liposome is filled 
with a plurality of genetic: manipulation complexes. ' Genetic 
manipulation complexes comprise one or more polynucleotide 
molecules of a sequence designed.; for homologous recombination 
into a specific chromosomal location or locations. The genetic. 
15 manipulation complex further comprises a DNA motor protein ,." .; DNA- 
motor proteins are described in,., among other places Vallee. and 
Sheetz, Science 271 : 153 9 -1544: (19 96) and Gorlich and Matt a j , 

Science 1513-1518 (1996) . :: . DNA motor protein .. bind to 

intracellular scaf folding: :proteih ; filaments such as act in or 
20 tubulin. DNA mo t o r p r o t e i n ; b i n d to the filaments : and be 
transported along: the f I lament to the nucleus . By f ollowing the 
intracellular filament proteins to the nucleus,, the motor 
protein serves; •.;,tol t r an s port;;;:; ;t he- ..; ^entire genetic mahipul a t ion 
complex to the nucleus , -The genetic manipulation complex may 
25 further -comprised or o t her : . : : 1 i g ah d ) ' : • f b r . 

binding to one or more nuclear on the surface; of the 

nuclear membrane , thereby expediting the translocation of the 
genetic manipulative • complex :;;:;a;cross ; the nuclear membrane: : The 
genetic manipulation c o mp 1 e x a 1 so • c omp rises at least : one DNA 
30 binding ; ; ; ; . £ r o t e in. , ; . . wh e re i n ; : ; ;.;•.• ; ;£ He 2 . . : ; . DNA binding ;V-.prote:in.;; .[ 'can 
specifically bind : to a s eqia e nc e ; ;p; f t h e p o 1 y nu c 1 e p tide o f the 
genetic. manipulation complex DNA binding p r o t e i h ' may also 
bind directly ; to a ..site;;;. ;6r.;;;;;.si;t:;e;s.; .oh the chromosome ;. of;;, the 
t a r ge t e d c e lis , thus providing for the specific targeting of the 
35 polynucleotide to the site of -interest . The DNA binding; protein 
serves to bring the p o 1 ynu c 1 e o t i d e of interest into close 
proximity with the targeted chromosomal site, .' "thereby 
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facilitating homologous recombination at the site of interest. 
The polynucleotide of the genetic- manipulation complex may 
include any of a variety of sequences useful for genetic 
manipulation. Such sequences include, but are not limited to, 
5 protein encoding sequences, anti -serve encoding sequences, and 
disrupted protein encoding sequences. The polynucleotide may 
further /comprise a polyadenylating tail (or signal) so as to 
reduce the possibility of destruction by endogenous nucleases. 
Binding molecule -mult ienzyme complexes adapted for targeted 

10 genetic- manipulation that employ liposomes as joining' components 
employ ; .relatively small liposomes so as to promote cellular 
uptake. Generally, liposomes of interest are about 10-80nm in 
diameter.:.;;^ the surface of the liposomes may comprise 

a t r yp s inbgen a /or a prophosphol ipase (phosphol ipas.e . . A 2 being 

15 p a r t i c ii 1- ar ly : p r.e f erred) , or a similar proenzyme , ; v The- proenzyme 
may.,,; : uponl. activation, serve to facilitate, the .release of the 
genet io -manipulation complex from the liposome . 



• The -^ihviention having been described above may - be better 
20 understood : t : ;:; : :^y;.;; ; ref erence to the foil owing examp 1 e s . The 
f bl lowing;;; ^karnples are of f ered in ; o r de r ; tb: : : a 1.1 u^ t r a t e the 
invention; should not be interpreted as limiting the 

i n ve n t ibri ; ; : . ; . . . , ;.;.;;;;;;;; ;/;/; ; ;;.;;;;;;;;;'-;.; : ;, 

25 ' . .: examples . . 

1 • Illustration of Complementary Nucleic Acid Sequences 

Tab i e 1 pr o v i de s examples of nucleic acid sequences and 
the i r ; ; <: qmpl e me n t a r y sequences that may b e : us ed : ; in ;.; " the present 
i nven tion; ; ; • t he . const ruct ion of compl ement ary : nucl e i c . acids is 

30 knQwn;; : ;.;t^ of ordinary: skill in,. the-'/arC^ 

of these examples, c omp 1 e m e n t a r y ; ; b h a i n s of 
nucl e ib r; acids- ..^ depicted as an integer . and ^ that • integer 
underline^:;-;;.;, ;,,-For example,. -i?^-C ? ) ± is i de n t i f iexT .' as : . • ; 1 in Table 
1. Its; • compieme , - ( T n - Gpi--i s 1 abe 1 1 ed 1 , With regard to the 

35 i n d i c e s n ; • p > q and r used in Table 1, it should bb understood 
that these . indices are independent for each set. of complementary 
nuclei : C: : .'abid "chains . 
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TABLE 1 



Chain Unit 



Complementary 
Unit 



Complementary Chain 



10 



1 


- (An-Cp) i 


(T n -G p )i- 




l 


2 


- (An-Tp) i 


(T n -Ap)i- 


n*p a 


2 


3 


- (C n -G p )i 


(G n -C p )i- 


n*p a 


3 


4 


- (A»-C p -G q ) j 


(T n -G p -C q ) j - 




4 


5 


- (An-Gp-C,) j 


<T n -C p -G q ) j- 




5 


6 


-(A n -C p -T q )j 


(T^Gp-Ag) j- 




6 


7 


-(A^Tp-C^j 


(T^Ap-Gq) j- 




7 


8 


- (A n -C p -A q -G r ) j 


( T n~G p -T q -C r ) j - 




8 


9 


- (A.-Gp-A^C,) j 


:(T n -Cp- Tq -G r ) j - 




9 



a ' .Tf n=p then the oligonucleotide ' is self -complementary and 
^ can be useful when similar units are -coupled together. 



20 



25 



30 



Many of the examples given herein are' provided in order to 
detribnstrate the principles of the invention . Preferably,, 
repeating units are avoided .V 

,. DNA and RNA triple helices are also . well known and may be 
used to form the supramolecular assemblies of the invention. 
Triple helices may result from the association between 
T. ': A. . . . T and C . . . .G. . . . C. As a result, nucleic acid changes/ 
::s^ch;.;;;;as those 1 isted ih : T 2 ; can; ^be;;';; ; used, to form triple; 

helices to bind dif f ererit '■■ ■component s-^-'^ . One 

Advantage in us i hg . .'. : ; ; ;t r ip le ' ' ... . :he 1 1 x . ;' : ; structure s is i nc r easecl 
•rigidity . Thi s p r op e r t y •••• can be/ - ut^ : ;. even after./, the; 
supr amiol ecul e has beieri^--:: assembled helix forming 

pi i g.onu.c leotides may' be :: used . as the . nucleic; .acid moieties of the' 
•supramolecular components ; of the invention . :: Double helical 
st : 'rudtures , which ." ::':are' : ':v. :: :::£apablfe' : ■v:v■b*f"^^.^^i■'^id■i'h■g to a third' 
oligonucleotide^ do so and give rigidity and shape to the 
'■supramblecule . The ; ; use" ;; of"-' triple supramolecular 
assemblies is demons t;rat;ed;;;in Figure ; 8;:";;'; | 

TABLE 2 ■ ' 



35 



Center coil 



Two outer coils 



12 -G h C h - 

13 -(An-GpJi (T n -C p )i- 

14 -(An-Ap-G,) j (T n -T p -C q ) j 

15 - (A,-G p -G q ) j (T n -C p -C q ) j 



2 . Construction Of A Square Planar Supramolecule 

Figure 2 (A) depicts the construction of a square planar 
supramolecule from four different components . Component A 
10 comprisfes effector molecule M to "which is attached nucleic acid 
';'";,^chains;^l.;;.:and ' 2 . Component B .ls : . f ormed ;by:,. at t aching nuc 1 e i c acid 
. . ^ and 3 to effector molecule N. Component C is formed by 

^.;;att aching;, nu 1 e i c acid chains. \.2 and .3" toi", effector molecule P . 
. : Component, D is formed by attaching two nucl eic ... acid chains 3 to 
1 5x :e:f f ectpr : mol e cu 1 e Q . When •. component s : A;, • B . and rC^are mixed, the 
. : complement ary chains 2 and 2 of components . A.. and : C bind and the 
: c ompl e me h t a r y chains 1 and i of components A: and B bind . When 
component D is added, the- 3 nucleic acid chains bind to the 3 
• - ch^ iri s • • • o f ; : c omp o n e n t s A and C to f orm : ' : the ;; - : square • supr amol e cul e 

••2:0;' 'depicte • Figure 2 (A) . 

: T7T^Ss^^-' 2 (B) depicts how • t h£ |<gu a re pTa^ c u 1 e can 

be . s t a b.i 1 i z e d by the addition,, of complementary nucleic acid 
> Z • c ha in S;x • t ha t .. b i n d component^ ACa^^ D . Since 

• : • ••; t; he • f dis t anc e between diagonally; molecules 
'■2s^-ar^^ t'ime s the di s t anc e ■ -bet we e ri • : • • u 1 e s on the 

; : s : :ide;s; ■;;:; : ;:0;f t ;he square s upramplecule ,; ; : ; ■ ; t : he: : ' : ; co^plem;qn t:.pLT y nucleic 

• • : : ••• ; • ;v:a : ei : d; : -;C ha ins used to b i nd t h e ; e f f ec tor mo 1 ec u 1 e s di a gon a 1 to one 
'Zll another.;'; mus t be at least^l> imes, ..a s . ; ; 1 6n^ ; a:s: ^tKe'':' comp lementa ry ; 

;;'"v:; : nu cle;icv: : :^cid chains bin ding; ;: ; t h e' '; : ;ad j a:c e nt; ; ; e . f f ;e ;c£ p r; molecules in 
30 • or de r.:-2:::-t'6lx ^ e a supr amb 1 ecu la r. . as s emb ly ? • .w ilh I • : - the desired. 
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3 . Construct Of A Tetrahedral Supramolecule 

Figure 2(C) depicts the construction of a tetrahedral 
supramolecule using four components. In order to form a 
tetrahedral supramolecule component A is attached to components 
5 B, C and D by complementary nucleic acid chains. Similarly, 
components B;, C and D are. attached to the components by 
complementaryTnu'cleic acid chains. 

4 ♦ Synthesis Of Components Of Supramolecules 
10 A. Preparation of Nucleic Acid Chains 

Severa 1 , . d i f . f e rent high yield strategies for oligonucleotide 
synthesis have been developed, see, for example, M. J. Gait 
"Oligonucleotide.; Synthesis , a Practical Approach" , IRL Press ; 
Oxford , .1.984; : J . W. Engels and E. Uhlman, "Gene Synthesis " , . 

15 Angew:,' rhel:> M-v'^Ed ,. Enol v ( 198 9.) 2 8 : 716 - 72.4 ,.: ;;.;These... met hods 
include. . t he . ...phosphate diester , phosphate triester , /.phosphite 
triester and :phosphonate methods . Phosphite triester •"■chemistry, 
which utilizes . highly reactive phosphoramidite.s ; . as. ..starting 
materials .:is ^currently the most favored method of synthesis (R. 

20 L . Le t s inger r : : J. . : ^ L Finnan, G . A. Heavner and W ; -B :,=• Luns f ord , 

" P ho s p h it ;e ; : : ; Cbiip i i rig Procedure for Generating Internucleot ide 

Links" /: J. Chem, Soc . (1975 ) 97: 3278-3279; L. .; J... McBride and 
M . H . Caruther ;; "An Invest igatipn of Severa;! D e pxy nu c 1 o e side 
P ho spho r am i d i t e s Us e f u 1 for Synthesizing Deoxyol igonuc leo t ide s " , 

25 Tet r a he d r oh ; ; &e ... ■Xl'S .83 1 24 : 2 45- 24 8 ) 01 i gonu c leo tide si. are ..most 
commonly;: : ;pepare d with automated synthesis (Beaucage > et al . , 
Te t rahedron-i^Lett ( 1981 ) i ^rlSSS - 1862 ; '..UvS:::::::::::Patent ." No . 
4 , 4 58,0 6:5 : ;);%:;;;' .^All;: .of - t he known methods are /applicable : and will 
p r o v i d e ; mo 1 e c u 1 a r building blocks for t h e : : sup r amo 1 e c u 1 a r 

3 0 assembly:: pr appl ica't ipn :: ;': : ;:;:;;^ 

EnzyTnat:i for the; production of o T i gdnuc 1 e o t i de s 

may also-'^e-^sed-. 'to synthesize: the polynucleotide. -^moieties of 
the supramolecular c ompo n e n t s p f the ihyentipd;:;:^/ ;' The 
polynucleotide moieties may also be p r o du c e d in vivo and 

35 subsequently cleaved into complementary single strands by 
heating, and separated by preparative electrophoresis or 
chromatography. . 
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Short oligonucleotides may be coupled together chemically 
or enzymatically to obtain longer oligonucleotides, ' see, for 
example (S. A. Narang, et al . , Meth. Enzymol . (1979) 6 8:90; 
U.S. Patent No. 4,356,270); N. G. Dolinnaya, N. I. Sokolova, D. 
5 T. Ashirbekova and Z. A. Shabarove, "The use of BrCN for 
assembling modified DNA duplexes and DNA-RNA hybrids; comparison 
with water soluble carbpdiimide " , Nucleic Acid Res . (1991) 
19:3067-3072) . 

10 B ♦ Preparation of Effector Molecules 

Effector molecules,.; wh i c h contain ' aliphatic amino,.. 

di alky 1 amino , trialkylamino, thiol, formyl oxirane, or - 
halogenocarbonyl , isothicyariato or hydroxysuccinimidyl ester .' 
. groups of similar, may be. coupled with suitably derivatize.d 
15. Voiigonucleot ides using. . b i f :unc t i ona 1 spacers,., Effector molecules..:: 

, .which do not contain. .groups .....mentioned, above : may be activated so . 

that they contain at least .one of these, groups for coupling. ;: 

i 

Groups that can be activated for coupling,, include: carbon-- 

■-■ carbon, double and triple bonds , halogen/ carbonyl , carboxyl and • ■ 
• ■■■■ 2 0 hydro xyl . 

••••• ::x ; v ;^ The amino acid : re si due s e qu e h c e o f p r o t e 1 n s may altered: : : 

; . :: through well-known genet ic : engineering techniques to as to 

;';produce' ' non- naturally,;;.;.;^ .; haying the desired;;:;; 

- ^biologfical functions of ■>..■■■■ a corresponding naturally occurring : 
[^:: : :2S[^pxot&±n. t but adap t e d ' Vfor llicbup ling ;tb ; ;hucl-eic^acid; moieties ... ^ForZ'--. 

■ example , addition ■ ■ of;.;-- : : • a •"• • : ; cysteine residue;; either through 

• ^ '. ' • sub st it u t i o n or i ns e r t i ng ; ^ may iadd" a- free - thiol group- f or 
'•••;v' : :v;;- : '-v;:t: ; oupling to a nuclei;^ -;_;v; 

;•• • ; - 30 : : ; : ; C Attachment of Nudleic Acid6 to Ef f ector Molecules • ; 

■ : .Effector . molecules: may be attached to.:, nucleic acids by;.;;;;;; 

".' ^numerous methods , iricludirigy:! ' ZZ . 

; : ;;.;.;; .;•!'. ' The molecular ;: : :moi^ is first, attached to a solid.;.-. 
- — support and is used as a- linker for oligonucleotide synthesis . 
35 When oligonucleotide synthesis is completed the molecular moiety 
is detached from the solid support so that it remains covalently. 
"Tvcoupled with the oligonucleotide. An' example of this procedure: 



WO 96/32841 PCT/US96/05389 

is a FMOC-protected polypeptide which is first synthesized on a 
solid support so that it has a terminal free serine hydroxyl 
group. The oligonucleotide synthesis is started from this 
hydroxyl group . 

5 2. Molecular moieties other than nucleotides may be 

incorporated inside the oligonucleotide chain during the 
synthesis so as to provide functional groups for coupling to 
nucleic acids. For example, if these molecular moieties have at 
least two. .hydroxyl groups, one of which is . free , and another 
10 which is protected by dimethoxytrityl group, then conventional 
o 1 i gohucl eo t i de synthesis methods can be. used to produce a 
nucleic acid that may readily be coupled to an effector 
molecure.'..>;: : .. 

. 3..;.;; ,,:As a last step of the oligonucleqtide : synthesis a 

15 mo 1 e c ul a r ^ mo i e t y having a suitable functional- 'group ;-£or coupling 
may .be. at t ached at the end of the oligonucleotide ...chain . Again, 
if this. -mole moiety has at least one hydroxyl group, it can 

be . attached as nucleic acid monomer . This approach is already 
we 11 : khb wri : : : in : the literature 

20 . . , : . 4 • v : : .•. .-. : : • : : a molecular moiety having a suitable functional group 
f of : cbupiin^ be attached after the oTigqnuc lebt ide synt he sis 
is .complete and part or . all protecting groups have been 
r empye d ; ix:; • • E s p ei c i a 1 ly molecular mo i e t i e s a t t a c he d • lu s i hg methods 
1 - 3^ can cont ain seve r a 1 functional groups which : are; protected by 

25 o r t ho gori a 1 : • p c t i ng groups ^ This allows:-^ of 
p r o t: e c t: i y£ group s and a 1 1 b w s r e g i o s e 1 e c t i y e : : a t ; t a^c n t of new 
mo 1 e eular : ;nioie t i e s . 

'Metl^gSs^f;\ attaching enzymes to oligonucleb^ are 
known- of ordinary skill in the art; - Tnay be used to 

30 produced 

s t r uc t u r e s; ; : : ; b f ; " t h e invention. " Descriptions: 6£^s$ch: t e c hn i qu e s 
can ' be ■■■ f bund: in , for example r ' Jablonski et .alv. ^ Nticl ... Ac . Res . 
14 : : 6:il5 :^ 6128.: : (19 86) , Ruth DNA . 3 : 123 ( 1984 ) ; f :::;BaXaLguer et al . 
Anal v Biochem 180 : 5 0 -54 (198 9 ) , ■ Balaguer e t ■ aii-- : Anal ; -Biochern . 
35 195 •r;^OS^2^0- (1991) , Li et al . Nuc . Ac ; Res ; 15 : 5275-5287 
( 1 9 87) , :Ghosh e t al . Anal . Biochem. 178:43-51 ( 19 8.9.) , Murakami 
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et al - Nuc. Ac. Res . 14:5587-5595 (1989) , and Alves et al . Anal . 
Biochem. 189:40-50 (1988). 

In order to covalently couple an oligonucleotide with a 
effector molecule, the oligonucleotide must contain a functional 
5 group which has a high enough reactivity to allow specific 
reaction at predetermined site. This functionality can be 
introduced into an oligonucleotide chain during normal automated 
synthesis, if suitable joint molecules are used. Possible 
functionalities include amino, dimethylamino, thiol, oxirane and 

10 other groups, which are. more react ive than functional groups in 
nucleotides. A different approach is to use biotin-avidin 
chemistry or another high affinity specific non-covalent 
interaction. Several means of introducing these groups have 
already been published in the literature. See, for example, 

15 Leary, et al . , Proc. Natl . Acad. Sci . USA (19RT) 80 =4045: 
Richardson and Gumport,.. Nucl . -Acid Res . (1983) 11:6167; Lenz and' 
Kurz, Nucl . Acid Res. .(1984) 12 : 34 3 5 ; Meinkoth and Wahl , Anal . 
Biochem. (1984) 138:267; Smith, et al . , Nucl. Acid Res . (1985) 
12.-- 22 99, J. M. Coull , : - H . : L ." Weith and R. Bischoff , Tetrahedron' 
;2;0, : M££,;; U987) 27 : 39 91:--3 ; ;9.9 : 4;;v;: ; ; ^J;.- Haralambidi s ; , . M . Chai and. G .;. ;.W/ ; /. 
Tregar . Nucleic Acid; Rp.^: n 1 15:4857-4876; B. C. F . Chu 
. and L. E. Orgel, Nuc. Acid Res . (1988) 16:3671-3691. In 
addition to the added functionality of .- the .. oligonucleotide 
strand, a bifunctional spacer molecule is typically used to 

2 5 eo ^P 1 e ol igonuc 1 eqfcide ; and a : e f fee tor molecule . Many of these, 
spacers are well kno^ in the/ literature; and are commerciaily; 

available . . . JIZ::.-:. ■ 



-:\:-;:2 v. Attachment of Nucleic Acids to Peptides ' 

30... : . Peptides and peptide^analogues are -very commonly used as' 
effesctpr molecules,, :;-:-Ih::--prd£r to attach oligonucleotides:, by 

. normal nucleotide chemistry -to a peptide, -the peptide shoul.d. 
": ."have::. - tree hydr oxyl--. -groups .- - Primary . hydroxy 1 groups - are: 

"•preferred . These can ;;be : implemented into a peptide by using 
35 protected ethanolamine; on ; -the carboxyl end and glycol ic acid on 
. . . M e -?. m i. no terminal , instead of an amino acid. As shown in 
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Figure 10, serine moieties can be used to give further 
attachment sites along the peptide backbone. 

As shown in Figure 11, the peptide effector molecule can be 
branched and used as a multivalent effector structure. Several 
5 other multivalent effector structures are possible such as 
ethylene glycol dimer, trimer, etc. Ethylene glycol derivatives 
can be connected to polyalcohol to get. multivalent effector 
structures. In order to fully exploit the present invention, 
conjugation of several nucleic acid chains to a single effector 
10 molecule must be possible. The process of combining nucleic 
;'';":'.:.7-'ac : ids.. with polymeric support arid, with .the use of spacer 
molecules is well known. Similar chemistry can be used in 
. . . .connection with this invention to combine ' nucleic acid chains. 
... with, effector molecules ...such as proteins ..or polypeptides. 
• VIS;- ■;: ; :';::v.:;-;Gne method for conjugating several-nucleic acid chains to 

a.:., single effector molecule . is. described ...below . The hydroxy 1 

: : group of 2- (2' -aminoethoxy) ethanbl (AAE) : is first protected by 
t-butyldimethylsilylchloride (TBS) . The product is coupled with 
• FMO G -t-BOC-L- lysine . FMOC- group : is removed and two FMOC^ 
^O/^gJycines are a 1 1 a c he d ; s i m i 1 a r 1 y . ; FMOG-L -glutaminic acid -t— • 
'?^?-.^bufy : l'' ester is the ne^t cot 1 1 later serve as a 

branching point (see Figure 13) . Peptide chain is extended with 
' • • '. Z two -glycines and one .lysine . The amino group . o f the last lysine 
; :: with propylene oxide whereby : a ^secondary hydroxy!; 

■•^■^ ■■ :; 25'-;group-'-'is formed . This -hydroxy group i s p rotected with acid and 

Z !^': : ;bas;e stable trichlp roethqxyca rb6nyl. ::gtp . ; (Troc) . 
•••""••'••f^ shorter peptide based chain 1 • is : ; synthesized by starting 

Z : ''"ZZZZZZw±£ii'.. Troc protected. 2 (2 ' ; am i hoe t hpxy ). \ e t h aho 1 and coupl ing ;;this ; 

lysine . and . : two.; g 1 y c i ne s: ; : ; : ti s i n g ; ; standard peptide 
. , Z • :3 0 • ^cK e mi- s t r y . ZZZZZZZZZZZIZZ- . ZZ 

ZZZZZZZZZZZZZ Two peptide., chains". ^which .aire -prep^'ted .. as described above 
v-are- vGoupled together by forming an amide- b between the free 
::.- : .carboxylic group of giutaminic acid - and . -the ..end amino group ..of i 
■■;-;;-:;Z;^t]^ glyc ine in the; shorter peptide . The; product which has three- 
' ''"3^ each having one protected, . hydroxy 1 group heeds 

ion of the protecting groups 'before it is compatible 
with oligonucleotide- synthesis . 
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Once the properly protected spacer is prepared, the first 
prepared oligonucleotide is coupled with phototriester* synthesis 
with the free primary hydroxyl group (Figure 14) . The shortest 
oligonucleotide is coupled in this stage, whereas the longest 
5 oligonucleotide is prepared with automatic synthesizer. The 
product is not deprotected or detached from the solid support. 
The synthesis is continued by adding the "trivalent" spacer, 
which is already coupled with one oligonucleotide. The free 
secondary hydroxyl group becomes coupled with the 

10 oligonucleotide which is still bound with the solid ; support . 
Thus the.;.. ; pe pt i tie . . . spa c e r is coupled with two: o 1 i gonu c 1 eb t i de 
chains. Dimethoxytrityl protecting group of the third hydroxyl 
group is removed by acid. The automated oligonucleotide 
synthesis. -is,, continued and the third oligonucleotide chain is 

15 constructed. ^::.j : :-:^The:V -protecting groups are then removed ; and the 
molecule is detached . from the solid support. 



D. Assembly of Supramolecule from Gomponents 

The hybridization is performed preferably in' : a •••• ' aqu eou s 
••••;-""' 20 medium c on| a in i ng;.; y ar i ou s additives.' Additives i n elude , . ; but; are 
not 1 imi t£'d^ detergent {0 ; 1 % to 1 ■%y---;- x ;;s sT('e': g : f 

sodium chloride, sodium citrate from 0.01 to : 0 .2 M) , 
po 1 yvi ny 1 py r rb 1 i dine , carrier nucleic acid, carrier^ •proteins, 
etc. O r gan i c solvent s may be used in conjunction to water , such 
•:. 25 as alcohols y.-^d 

f o rmamide , : f o r m am i d e . 

acetonrtri^ In addition:, to : con c e n. t r a 1 1 pri ; : :.; p f ; ; ; ; ; t h e 

de r i v at i z e d o 1 i g o nu cleotides , the temperature can : •be:; ::: .used to 
control;, the ; ; -hy b r id i z a t i on . The .; opt imum: t e mp e f ^ t u r e : . . f o r 
hybridization °C below; ; the mel t ing^ ;p^ the 

3 0 o 1 i gonu cl e o t ide ... *>: '. Ttii s means that the: preferred .temperature", for 
hybridizing;^ ; is typically ; . . 40 ; - 6 0 °C . ' ;;;;.;;;Fot;; ^shorter 

o 1 i gonu c 1 e o t i de s • the temperature is lower and • ; f o r ;• - ^ longer 
o 1 i go nu c 1 e o t i de s - .Z it is higher ... Oligonucleotides ••containing 
large p o r t i;o n ;; : o f ; ' cy t id i n e and guanine- have higher melt ing : point 

35 than the oligbnucleot ides containing a lot of adenine and 
thymidine:. ; Detailed formulae for calculating the . melting 
temperature of ' double stranded nucleic acids are well . known to 
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the person of ordinary skill in the art. Additionally, melting 
temperature may readily be calculated using empirical methods. 

5 . Example of Antibodv-multienzyme Supramolecule 

5 Two current main strategies for drug development for HIV 

are finding of reverse transcriptase and HIV protease 
inhibitors. All -four approved AIDS drugs are reverse 
transcriptase inhibitors. HIV protease inhibitors are also 
promising as drugs , but the rapid mutation of the viral protease 
10 has so far been overwhelming obstacle for the development. of. a 

commercial drug .'.;'''.;'';;; 

Embodiments of the s up ramp 1 e cu 1 e s of the invention that 
comprise an HIV --antibody and several digestive enzymes can 
destroy the virus, particle itself . . Antibodies have earlier. been 
15 conjugated with enzymes for drug use (C . Bode, M. S. Runge- and 
E . Haber in "The Year in Immunology 19 89-19 90" . Molecules and 
Cells of Immunity (J . M , Cruse and R. E. Lewis, Eds.) Vol. 6 / 
Karger Publishing ; Basel, 1990) . Typically these antibody- 
enzyme complexes are used ' to produce active drugs from prodrugs . 
20 This embodiment;.^ invent ion: is advantageous;; If;' 

the drug of interest;"^ levels . 7 ^ 

example, the drug against cancer can be produced on the surface 
of the cancer cell and cancer cells are sub j ected to higher 
concentration ;.6f ;:;• this; d • than /other cell s . Several a ri t : i bod i e;s ; ; 
25 ■ specific for ,cancer :;: ;eel 1 s are known ; -Enzymes are- target;ed : to ■■■ 
degrade the pi a s m a ; ; [: ; me mb r an e ; ; ; ; of;; ";t;he';;;-.;c;ancer cell . 'and;:;;;;in;c;lude 
lipases , prbtea;ses;;;and;; gl y c p s i da s e s : . 

One strategy RNA degrading: Verizymies ' . 

to an HIV specif ic;;:knt does hot^hay^^its; .. 

30 own metabolism to - serve- as a drug target , a virus is ;u^ 

heal itself , .. '..'if ^part!". of the ' virus ^is^"destroyed by . externally^ 
• added catabplic : ^ .. . . 

In order for these enzymes to have operat ional freedom, the 
spacer between^ ; the - antibody; and : . the enzyme must ; : be; of 
35 sufficient, e'..g.,,'. :e.g. , ' on the ".order of 10 nm. In .; this, case 
virtually the whole surface of the : virus is covered. 'In-order 
to avoid allergic reactions this spacer must -be fully 
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biocompatible, preferably a normal biological component. In 
addition it should have some rigidity to allow structures in 
which enzymes and antibodies do not interfere with each other. 
Because these antibody-enzyme complexes can be complicated 
5 structures/ a self-assembly would be ideal. Oligonucleotides 
fulfill all these requirements . Further requirement is that 
joints connecting enzymes and antibody with oligonucleotides are 
as small as possible to suppress immunoreact ion . These ' drugs 
are supramolecular drugs , i.e., noncova lent interactions are 
10 important; structural factors. Especially complementary hydrogen 
. ' bonding-. ..of y pligohucleo tides is essential: for the /assembly', and 
structural integrity . . .' . 

In. Figure. 3A.:,is . a schematic representation of. one possible 

.. supramolecule demonstrating this principle.. Antibody Lis in 

15: central:^ p p sit ip n , . ;a n d ; four different enzymes •: phosphol ipase A 2 , 
1 i pa se. r c ho 1 e s t e r o 1 est erase and ribonuclease A. Phosphol ipase 
A 2 can be supplemented or completely replaced by another 
: pho sp ho 1 i pas e sue h : as phosphol ipase : • G , - : One : extra : single 
: stranded • : 6 1 igpiiucle 6 1 1 de is attached • with the - antibody ; This 

2Q ■ p 1. ^99p^^' : gBM 'W^-Wz9P^P lementary wi th ; yiral 'm ; and.; binds: viral 
■' ; -'-vr'-RNA' wh e ri : : y . i r \i s; y ;iM; : ;:d is integrated . 

Many, viruses,:,, including HIV-1,,, are covered .by. : a. .. . lipid 
:;bi.layer,:;;w^ from the . host •^cell^ . 

• ; The ; ■ -bilayer;^ phospholipids ,; ; ; triglyce^ 

2 -5-:: choies fceTO^esfeers^-- ■ ; Accordingly three- enzymes specif ic; f or 
...;;;;;;;;thes.e ;;;pl^ are u s edy ; jt p: ;; yd i g e s t ; : ; t he;;;; ; y ir a; ly; flip i d 

y--:.:biia^ is hydrp^ 

;;.;.;; . " ly splipids.;^ These digegtldn^rp 

; • .; Iqlopd • p las ma; ; ; ;;arid ; ;^ be bound by ■ a 1 bum i n .;; ; y; ; whip h • : ;;i; s; ;; ;;a : .;. : s'c ay 0;ng e r 
$fc^ fatty aciHs-f-and^^yso 

. y prpteinyyypp^ virus is e xpp s.ed • y y t ;p y y pi asm a ; y'y i t. ; y ;';ls. . y ; £<5 : : ; he 

expected : that;;--;t^ ein di s s o 1 ve s ■ spon t ane ou s 1 y and RNA ■ i s 

released..- :^::,This^pr6ees s happens wheri^tlie^ virus . is" ,. i ri t e rn a 1 i z e d 
into a eel 1; | : ' •; ; - The : ; • 1 i p i d bilayer fuses;- with the pi a : s ma membrane 
35 of the c. e 1:1 •; :' ;and'"' : y i.r u s becomes unstable and d i s s o 1 ve s: : : i n 1 6 the 
cytoplasm . No specific • e ri d p c y t o s i s me ch'ani sm. . has 

been observed "'■£ or HIV. In essence "our idea is to Induce the 
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dissolution of the virus outside the cell and destroy viral RNA 
when it is released. In order to promote the breakdown of RNA 
a short complementary oligonucleotide is attached with the 
antibody and also ribonuclease A is part of the enzyme palette. 
5 Proteinases are not included among the enzymes in our first 
design, because it is feasible to suppose that the protein 
effector of the HIV is unstable when exposed. If opposite turns 
out to be true; it is possible to include some proteinases. 
However, blood contains inhibitors against many proteinases, 
10 especially if proteinases are nonspecific. Some specific 
endopeptidas.es as:; well as c a r boxyp e p t i d a s e s and aminopept idases 
can be used, because they are not inhibited. 

A similar ' strategy can be used for cancer therapy .and to 

remove Vplaque ^ ; : , from blood vessels , e.g., to treat : 

■' .15 atherosclerosis . : ; ; • : ; I n .each case antibody must be replaced- with 

another an t i iDody , . . or other . recognition molecule , : • which ,.. is 

specific for the -target . Also enzymatic composition must be 

adjusted f ore a c h app 1 i c a t ion . 

The an t-i body - mu 1 1 i en zyme supramolecule is a s s emb 1 e d f r om 
20 oligonucleotide-:^ oligonucleotides 
according 1 6^ : f ( B ) . Figure 3 (C) depicts t Wo ; si mpiTf i e d 

- s up r a mo 1 e c u 1 e s , wh i c h together can carry the same enzymes as the 
supra mo le c u 1 el . • i n - Figure . 3 (A) . . 

An i mp o r t an t . ; ; c o n s i d e rati on in • the s yn t he s is i s : : ; .% he 

ZLZ-ZZZ.12& incorporation: of ;amino or thiol functionalities into -a ■^■desired 

••• point of the ';^] |6 1 i gpnu c 1 e o t ide ; ; during ■ automate d : : s y n t h e s. i s ; . 
Phosphor am id it e • sy nt he s i s is described in 5.1-5.7. Their;iise :; in 
oligonucl eo£±$e"&ffit he si s is straightforward . . By ; u sine}; ;'; ; am inp 
. and thiol • : ;.; specif .:i£ : : ; .pro ss - linking ;:; agent s , the ' : synthesii^ 
\^ZZZ2l : &Q branched o 1 i go nue 1 e o t ides is' '. alsa'V- : easily accomplished;;^^::::-- JPhe - 

oligonucleotide^ strands*., are by : A ; and ; B and their ; c pmp 1 eme|rita r y 
oligonucleo t i d e s a r e denoted by. • corresponding • unde^ 
. letters . . M2pes'r.are,. attached into •either 3' or 5 ^.-.t.er^^i : nus^of 
the oligonucleotide^ which contains an amino group . This; kind 
..* 35 of coupl ing : : of ; pligonucleot ides . and prot e ins i s a "standard 

practice in biochemical conjugation . Antibody is attached into 



WO pr"TYITQOA/ft«fiO 

the center -of a oligonucleotide chain containing an aliphatic 
amino group in that position. 

After molecular building blocks are synthesized, the final 
step is a self-assembly of a supramolecule . This relays on the 
5 pairwise complementari.ly of the oligonucleotide strands in the 
components , which are designed to bind together.. In principle, 
the components contain, the complete information of . the structure 
of the final supramolecule and a simple mixing of the component 
molecules will produce the wanted product. However, in order to 
10 make certain that the assembly proceeds as designed, the 
stepwise. ;proce;ss ;.;is: tp.ybev. preferred . 



P r ep a rat i on of the ant i b ody - mu 1 1 i en zyme a up r axno 1 ecule 

: Ab b r ev i at i q n s : V . Aminopropanol , AP ; : . , ,2 -Cyano.ethyl N , N- 

15 di i.sppropy 1 chl pro : phosphoramidi t e , CEDIPePA/ : : ::;Di.chlorome thane , 
DCM ;.. . Di.-:isopropyi::::ethyi, amine , DIPEA; F 1 u o r e ny 1 me t hoxy c a r bony 1 , 
FMOC; Fluorenylmethoxycarbonyl chloride , FMOCC1; : Methanol , Me OH ; 
Monome t hoxy t r i t y 1 v ■ ■■■■ ■■■ ; MMT ; Monome t hoxy t r i ty 1 chlpr i de , MMTGl ; 
Serinol ; : SER; Tetr , THF ; T r i e t hyl amirl / TEA . 



5 • 1 ; N- Monome thb^tritvl Aihiribp r op ano 1 ( MMT AI* ) ■ 

. . : . ., MMTGl U ( I . 5.4 .. .g ) . . in, -10 ,.ml of DCM was added. , to . a solution of 
A P . { i; > 5: ; m 1 ); : ;.; ; in . mi ; - of DCM. : The r e a c t i o h : • m i x t u r e- • • ' wa s . 24.. .h. -.at- 
4 ^ °C . : ; : •• : 10 • ml of DCM was add e d and the m i x t u r e was washed twice 



25 with 



10. m^ . % • NaH GO 3 : : and with 5 ml of water;. The DGM phase 

wa s : ; dr i e d ; w x : s o 1 i d: : The solution : : : was;^ : c on cent r a ted i n t p ; 

5 ml in; vacuo : and -appl i ed to 40 g s il ica;:;^ was 
e In t e d ; - with ; ; ; 3 0 0 : :: ml :; : ; p f ; 2 00:1, 300; : ;m 

2 00:r2 :l ; arid 2 0^ 1 0O;:;2;::::Lv:;: g. . of. . pure: 

3 '0 . MMT r: AP ■ >wa s ■ ^obtain eel!* \ ». 
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5.2. N-Monomethoxvtritvl aminopropvl cvanoethyl N, N- 
diisopropylphosphoramidite (MMT-AP-CEPIPPA) 

To a solution of MMT-AP (0.42 g) in 8 ml of DCM was added 
475 pi of EDIPA and 0.30 g Of CEDIPCPA in 2 . 5 ml of DCM. After 
10 min the reaction mixture was applied directly to 10 g silica 
column. The column was eluted with DCM/EtOAc/EDIPA 98:1:1, 
Fractions of 6 ml were collected. The. product was in fractions 
3 and 4. The yield was 0.44 g. 

This product was used in oligonucleotide synthesis. 

5.3. N - F 1 uo r en y lme t hoxvc a rbony 1 aminopropanol (FMOC-AP) 

FMOCC1 (1.55 gj in 10 ml of THF was added into a solution 
of 0.90 g of AP in. .40. '.ml of ". water . After 3.0 min stirring it-he 
reaction mixture was extracted with 20 ml of DCM. The . DCM 
solution was washed twice with 10 ml of water and dried with 
MgS0 4 . The solvent was removed with a rotary evaporator and the 
residue was dissolved ;in to. 14 ml of EtOH and 14 ml of water was 
added. The small precipitate was filtered off and the solution 
was .put into a refri^ 20 h the precipitate was 

separated by filtration , ''."The yield was 1.22 g. 



25 



5.4. N-Fluorenvlmethoxvcarbonvl aminopropvl cvanoethyl N>N- 
di i sopropvlphosphbr - amidi te ( FMQC - AP - CEDIPPA ) 

: y ' FVpc derivative ;: ; was'; d one exac 1 1 y as MMT analog in Exampl;e 

2 . .using 0 .30 g FMO C - AP • • '2 A i s o . . pu rification was done simiiarly-.^ 

fhelproduct was .in. £ r actaq ris I . 3 ?. 8 . Fractions "3 -7. contained;- 0; : . ; 4; £ 

g ■ ■ produc t . ■ ■ ■ •;••;•••/ • • \ ;. . • .V v: 

- This p r o du c t . ', wa s use d • ' - in- o 1 i go nu c 1 e o t i d e i synthesis 2 2222222. 



30 
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5.5. N-Fluorenvlmethoxvcarbonvl serinol (FMOC-SER) 

..: : :'.:..v:FMOCCl (1.55. g) : : i^ of THF was added' into a., solution-, 

of - Q .;54 g of SER in : 3 0 ;ml ; of water and 8 ml of 1. 5-M Na 2 C0 3 : . 
Af ter 3 0 min s t i r r i hg- • t -re act i on mixture was ' extracted with 2 0- 
ml ; of ;EtOAc . The . E t OA c • ; ;s o 1 u t i o n was washed twice with 10 ml of ; 
water, and dried - with . ^ The solvent was ' removed with a- 

rotary evaporator and the residue was dissolved into a mixture 
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of 5 ml of EtOH and 3 0 ml of DCM. 
+4 °C. Yield was 1.12 g. 
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The product crystallized in 



5.6. N-FluorenvlmethoxYcarbonyl O-dimethoxvtriphenvl serinol 
(FMOC -DMT -SER) 

5 

FMOC -SER (1.12 g) was dissolved into 6 ml of pyridine and 
0.68 g of solid DMTrCl was added. The reaction, mixture was put 
into +4 °C. After 20 h 20 ml of water was added and the. oily 
layer was washed with 5 ml of water and dissolved into 10 ml of 
1Q EtOAc and the solvent was removed in vacuo. The residue (1.76 
g) was.. fractionated in 28 g. silica column, which was • .eluted with 
D CM / E t O Ac /Me OH / TIP E A 98:1; 0.2: 0.5 and 96:4:1:0.5. Yield of pure 
' product, wasi . .0 . 72 g.. 

15 5.7. N- Fluor enylme t hoxvc arbonvl O - dime thoxvt r iphenvl serinvl 

cy and ethyl N , N-dl i sbpropvlphosphoramidi t e ^ FMOC - DMT - SER - 
CEDIPPA) 

FMOC - DMT - SER derivative was produced .essentially as 
described. for : , the. phosphoramidite in Example 5 .2 using .0.65 g 
FMOG-AP -: : The- •• product was • -purified similarly : ^- ;:: - : :: : The;. -desired 

2 0 reaction product was found in fractions 4-9 - -Fractions 5-8 
cont ained;^ ^ g product . TFMOC- DMT - SER may a lsp.be; synt he s i z ed 
by first protecting serinol with DMT and then with .FMOC, This 
variatipnvallows" also acylat ion. of the ami no ; ; , group. '. ... of., serinol 
with : c a r boxy 1 i c acid carrying various o t her • • f unc t iona 1 i t i e s , 

25 such- asx pr amino or . thiol groups and;- biotari 

: - : -The :: ; : des product was used in aut omat ed ; synthe sis to 

int roduce •aiiphatic amino group in the posi t ion of 2 0 in a 51- 



30 5 . 8 V Au t bina ted S vn thesis of : :dliaonucleotides 

■ TJfre;; ; y : ; f b 1 1 o w i ng oligonucleotides were ;^;;synt:he sized by 
automated ' syTithe sis : 

A -~ . . 

35 ;::\ : :/:;::Iseq. id no : 1 ) *. ■ 

B 3 '.AGCATGGTGCCCCATCTCCAYAGTCACAGCACAGCACTAATAACAAGAAA5 ' 
: : (SEQ . ID NO: 2) 
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C 3 ' TYTTTCTTGTTATTAGTGCTGTGCTGTGACT5 ' 

(SEQ ID NO: 3) 

D 3 ' GTGATAGGAGTTGATTACAGTCCTX5 ' 

(SEQ ID NO:4) 

5 E 3 ' AGGACTGTAATCAACTCCTATCACYATCAGAAGAGTGAGACGGTGGGAT5 ' 

(SEQ ID NO: 5) 

F 3 ' TYATCCCACCGTCTCACTCTTCTGAT5 ' 

(SEQ ID NO: 6) 



10 



G 3 ' TAGACT CAG CG CAAT CGTGAAG CTX 5 ' . . 

(SEQ ID NO: 7) 

H 3 ' AGCTTCACGATTGCGCTGAGTCTAYGATTCTCGGCTCGTTCGAAGTGTC5 ' 

(SEQ ID NO: 8) 

I 3 ' TYGACACTT CGAACG AGCCGAG AAT C 5 : ' 

(SEQ ID NO: 9) 



15 X represents MMTr AP^'&EDlP^PA- \ ( 5 . 2 ) and Y repre.s'e>ita. .'F^6C : • r ■ 

.. . DMT-SER-CEDIPPA (5.7). Analogous amidites may also be. to 
introduce aliphatic amino groups v 



5.9. Purification of Monoclonal Antibody 

20 Anti gp4 1/160 ( ant ibody ; IAM3 D6 ) supernatant had a 

concentration of 315 mg/1 It was purified in 160 ml portions 
in Protein A Sepharose Fast Flow 5 ml column . The supernatant 
was buffered with 40 ml of.::o ? 2-M Na 2 HP0 4 . After feeding the 
supernatant into the column , : : the column was washed with 120 ml 

25 of 0 . l-M.Na 2 HP0 4 .: The antibody : was e luted off the column with 
0.1 -M citric acid and neu t.raliz ed . immedi a t e 1 y with 3-M KOH. The 
antibody solutions were stored ; at -18 °C. 



.... 5 .10 . Acetvlated Protein A SepharoBe Gel 

30 Protein ; A Sepharose was "packed into 1 . 5 ml column . .1 It was 

saturated: by: eluting with :;a solution containing ;50 . mg of 
monoclonal antibody (Anti gp4i7i60 IAM3D6) . The . .column - was 
washed with .0. 1-M Na 2 HPO, buf fer: :(15. ml) and eluted 10 ml 1 mM 
acetyl N-hydroxy succinimide : solution in DMF/water 1 : 9 . The 

35 antibody was removed by 0 . 1-M citric acid. The acetyl at ed 
Protein A Sepharose was used., to couple antibody with nucleotides 
and in the f inal assembly of ; the. supramolecule . 
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5*11. Coupling of Oligonucleotide with Antibody 

A solution of antibody (40 mg/25 ml water) was eluted 
through the column containing 1.5 ml acetylated. Protein A 
Sepharose. The Sepharose was washed with 3 ml of 0.1 -M Na 2 HP0 4 
5 and taken out of the column to perform a bath reaction with 
derivatized nucleotide. 

.. Oligonucleotide 2 (10 mg^ 0.5 /xmole) ,. comprising two equal 
30-mers bound together by an amino group containing joint, was 
dissolved - into 1 ml of 0.1-M NaHC0 3 and 50 /il of l-M solution 

10 of bis {hydroxysuccinimidyl) . glutarate in acetonitrile was added. 
Af t er; pne::hour the water solution was extracted twice with 1 ml 
of EtOAc and the solution was dialyzed 2 h against 0 .1-M NaHC0 3 . 
The .activated nucleotide was added into a. slurry of'. Sepharose . 
The mixture was stirred six hours and packed into . a column . The 

15 an t ibpdy f cpup.l ed to the nucleotide was- elut:ed : ;of f the column 
with-. 0 . 1- M • c.lt r i c acid. Antibody-oligonucleotide conjugate was 
f r ac tiona.t ed in a Sephadex G-25 column and antibody connected 
with oligonucleotide was collected . 

2 Q 5 # 12 , Coupling of Oligonucleotide with Enzymes 

1 (20 mg, 2 /i mo 1 e . ) ; " ; : : Wh 1 d K : - wa s ' contained 
aliphatic . amino group at 5 ' -position was dissolved into 2ml of 

. ■'0-,:i;'M::-:; : ::NaHco 3 . . ' and 400 pi .of:,:::;;i-fc of 

bis (hydroxysuccinimidyl ) glutarate in a c e t on i t r il e ; wa s added . 
25 Af ter the water solution was e x t r a c t e d : t w ice with 1 ml 
of ;EtGAc^^;;;;;^h^ solution was dialyzed 2 h : ;; against ;V;:f;0'': 1 - M NaHC0 3 
and : ^ s of this solution 1 were : . added into the 

' f o 1 low ing ; : ";en z yme solutions;:''; ^ v'; 

30 .'. a . ; : : • : • • ; i .0 • ; mg • ; ; pho s pho 1 ipase-L^jZih l ml of .' wat eri-;: Z^ZZZZZZ'.. 
v ' ; •' ; ; ; ; ;4;0; mg ; ; ; ; 1 i pa s e in 4 ml : pf water'., 
c — ' 10 mg ribonuclease in 1 ml of water 
.d Z ; . 3 Q 3nig ;/.?c a f boxyp ep t id a s e i n 3 ml of wat'er",!:.- 
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5.13. Assembly of the supramolecule 

Antibody connected with oligonucleotide was eluted through 
a acetylated Protein A Sepharose column (1.5 ml) so that the 
column was saturated with antibody. The column was thermostable 
5 at + 40 °C and phospholipase-oligonucleotide conjugate solution 
{twice the equivalent amount) was circulated through the column 
and UV-flow cuvette. When UV- absorption at 280 nm was decreased 
into half the ribonuclease A-oligonucleot ide conjugate was 
circulated similarly through the column. Generally about .two 
10 hours was needed for a complete reaction. The supramolecule; was 
eluted off the Column., by ; 0 .. l-.M citric acid and neutralized . 
immediately with 1-M KOH. The other supramolecule depicted in 
Figure 3(C) was prepared similarly. . 

15 6 . Design Of Supramoiecule For Capturing Virus Particles 

This example . describes .the. . design of a supramolecular 
assembly that is -capable of surrounding a comparatively large 
particle, e . g> a virus . First, a structure, which is capable of 
performing the desired function is designed and the geometrical 
20 features are fixed v; Then chemical and physical f-e$tuT$'s^are 
chosen ba&ed : '■ ■ "■' : "* : '""'o : nr".* ' the " ' Application . Hy d r bp hi 1 i c i t y. , . '; 

hydrophobicity , acidity, alkalinity, charge transfer, .etc., is 
mapped onto . t he . s t r u c t u re . . . • • Th i s ■ designed structure ., mayl- fae.:. 
visualized a s a s i ng 1 e mb 1 e c u 1 e ; ; a 1 1 ho u gh in many ins tances ; • ; the: ; : 
25 synthesis of thi s mol would - b f f i cu 1 1 to achieve at a 

reasonable yield^ •;; In ; ; ;sucfr ;^ s , supramolebu^ 

retrosynthesi s i s ; p erf o r me d ; i . e : ; ; - the structure is • broken do wn 
into small; tfiplebuies^ via self-assembly '.of;;, 

forming the original s t rue t lire The s up r a mo 1 e c ul a r ; as s e ttitol y ; 
30 produced in.' .. ttiii s ' • .mariner . ' . is • • -riot- ••• identical with '. the., :: - molecule. , 
represented ,;; •as;;;..la;;.; sc he mat; i; dr . ' • in;'.' ;'; 'the; . . figures ; however,. .; ;the... '; 
important cha.r ac t eri s t i cs , - -i-^e- •• geometry and chemical • and' 
physical properties . listed: .^"-^above, remain '."the.. 'J'.-saMe . .'. 
Supramolecular retrosyTit not try to retain the 

3 5 original molecular' structure intact , but tries, to retain .'all the 
important chemical and physical properties of the desired 
structure. 
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Another retrosynthetic cycle can be performed for the 
molecules obtained in the previous retrosynthesis to obtain 
smaller molecular building blocks. Finally, molecules are 
obtained that can be designed and prepared easily. In the 
5 design example given below, there are two retrosynthetic cycles. 

Many viruses have an icosahedral shape. Such a virus can 
be covered by an icosahedral and assembly designed according to 
this invention. This process is demonstrated stepwise in 
Figures. 5. A-E . Dimensions referenced are taken from HIV (human 
10 immunodeficiency virus) , but the same principles apply to any 
' v i r u s; ;. ; ; , ' .1 n ; t h i s example, polypeptides . a n d; oligonucleotides are 
used, because synthetic methods are available for their high 
y : ield;;;.^.s:yhthe,s . As synthetic methods: . .further develop, 
analogues or completely artif icial supermplecular. .systems can be 
15, Tnada: -usi same design and . c on s t r u c tipri ;v pr i ncip le s offered 

.. by... the invention. 

.Each-edge of HIV is about 80 nm. In preliminary design we 
suppose -that three amino acid or nucleic -acid residues are 
needed per nanometer . The circles in F i gu r e * 4 V • r e p r e s e n t cyclic 
20 -polypep t^l cont a in ing enough lysine ■■so : . : ; ; ; that : ;'v : f lye- - polylysine 
' --.c h a in s :;;; : ;q:a ri : : : b e • attached. The s e po 1 y 1 y sih £ s a r <e ; de no t e d by zig- 
zag. ..lines . in Figure 4. Polylysine should contain about 200 
re s i; due s ;:; ; ;.i ii order to cover . whole . edge :: : Q end of 

e a c h p o 1 y 1 y s i n e chain is c oup led ano'ttie r eye 1 i c pep t i de that has 
2 5 : f bur- : hu leb t i de s attached. .. Theses hucleotide^sferarid denoted 
: t>Y. : a-;--; way y; : ; • - : 1- ine in Figure 4 , Two of these: ^ are 
: -thex - : same-^: ; -for- example, oligonucleotide 1 ^n=^=^ r i=^L00) . Two 
other s : a r e ;: mu t u a 1 1 y c omp 1 e men tar y, but: they'; ^ a re : : bound to the 
cy c 1-i e ; : 'p"<s p t;i d e so that coupling occurs easily between neighbors , 
3 P "bu t . : ; ;nbt i • • 1 e c u 1 a r 1 y . . . ;, Thus 7 .; ; t hey • fori'a^tphEagon shaped 

• ;doub^ Figure 4 shoy/s single s t rarided; ^ ide is 

. bound V>b^ . Another- molecule. 7is- .designed using the 

' same^rMiples , but instead ; of; bligbnuc^ single 
stranded - oligonucleotide is now 1. ■ • When 'either of these 
35 molecules encounters a virus, which has- -a^fiegatively charged 
surf ace;:: polylysine is Coulomb ic ally associated with the virus, 
Simult ariebusly , a negatively charged oligonucleotide (e.g. , 1 or 
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1) is released from the polylysine. When a complementary capping 
molecule is associated with the virus, the complementary 
oligonucleotides (1 and 1) combine to close the cage from which 
the virus can not escape. 
5 The molecules shown in Figures 4-5 and described above 

would be . incredibly difficult to synthesize. However, by 
designing^ a suprarriplecular constructed from smaller components, 
synthesis of a virus capturing molecule is made possible. 

Figure 6 demonstrates how the analogous .structure for the 

10 large molecule in Figure 4 can be prepared using smaller 
molecules:. . These ■ smaller molecules are shown- -separately in 
Figure 6. Thus, in this approach six different compounds are 
needed:. ;to : ;get .. the overall structure, which i s ; :same as that of 
the molecule in Figure 4. Four of these are relatively simple,. 

15 b e c a u s^e •; ^ in ■ • .^ac h . two. oligonucleotides are connected: 'xb.' a spacer, 
which - can. ...he. polypeptide . Two molecules in: upper part of 
F i gu r e 4 ; are still: relatively complicated because : in both cases 

five, nucleotides are ..connected to a cyclic, spacer , which can be 

a cyclic peptide;.: These oligonucleot i de s ■ : • • are : denoted by 

20 ( 3 > 3 > 3/3 , 3 ) and ( 1 > 1 > 8,7,8) . In these notations.: only, free s ingle 
stranded are listed . The s e s t ruq tures can be 
synthesized attaching each type of ol i gonuc 1 eoti de needed to 
a ; s hp r.t ; : pept i de ,. ; : .;f : pr ;;:;exampi;e' y . pentapept ide : ^ly ^;Al;a^Ser - Ala - Gly 
whi c h i s ; o the r w i s e pro t e c t e d but the hy d r pxy 1 group . i o £ s e r i n e is 

25 fxeei:::i::^ 'Es'l "C bhnec ted with t h i : s.y :hy dr oxy 1 : ; -group using 

ho r m a 1; : : php s p hate . c oup 1 i rig . Then,, using pep tide synthesis 
methodsv : : t pentapept ides c onn e c t d : 1 6 ... a . . specif i.e. 

pllgprm are cp in a de s i r e d Order f : G 1 o s i ng the- 

cyc;le ; : mak^s ; the mo 1 e eul e mo r e symmetric > • but : ;-';is- not essential 

30 f or tefte s as s erribly or the f unction q f ; : thi s assembly 

_ in;;;most:::;cas^ /; • ■ ■ 

..'.-•^•^•There '.Z'is- " a . further-. ^ possibility : of. '. a s s e nribly . : . of cyclic, 
struc'tui cohtairiihg ;f iver ; oligonucleotide;. ;c using ' the 

general - principles of this app 1 i ca t i on .: • ^This . ^second step of .: 

3 5 supramplecular r e t rosyn t he s i s is demonstrated in Figure 8. Both 
of these cycl ic structures can be assembled from five smaller 
moiectiles ; For (3,3, 3 , 3 , 3 ) these molecules are twice (3,1,2) and 
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once (3,2,4), (3,2,4), (3,1,2) and for (1,1,8,7,8) these are 
(2,1,6), (6,1,5), (5,8,4)., (4,7,3), (3,8,2). In these ' notations 
it is immediately clear that molecule (2,1,6) combines with the 
molecule (6., 1,5), because complementary nucleotides are written 
5 last and first, respectively. Looking at the whole sequence of 
five molecules indicates that the notation starts with 
. nucleotide 2 and ends with 2.* This means that these ends will- 
bind together and form a pentagon. After assembly, a 
supramolecule is obtained which has the same overall shape as 
10 two molecules in upper part of Figure 7. These supramolecules 
are still denoted' ; by..' ^listing'.. ..only', their single stranded'' ... . 
oligonucleotides, because this is important for further assembly, 
,.:";.;,and is sufficient for. purposes of this, application . The symbols- 

are (3,3,3,3,3) and ( 1 , 1 , 8,7,8), . These supramolecules .. also ; ... 

15,. ^function similarly dn further assembly .of the structure, which • 

has the same shape, . as the. molecule in Figure 4 . This 

.demonstrates that almost any structure can ultimately be created 
. ..from molecules which has a spacer or a molecular moiety having 
: - an active role in the final assembly connected to two or three 
2 0 o 1 i gonu c 1 e o t i d e s . ' The; spacer can be a very small molecule? qrv:it - 
"'';-' : :can- be a large molecule ; : The : v'ipac e r v c afti actual ly be' a" DNA ": 
. .. strand . 

Supramolecular: assemblies are:: preferably prepared : ih Van 
^aqueous environment/ although some embodiments may be assembled: 
2:5:;.:,:ih:: organic solvents. When effector ^molecules are lipophilic, 
:;;:: t'he : Langmuir-Blodg^tt -technique;, may be utilized . Stepwise .; 
•••-•••••assembly is often- advantageous . For example , the : cyclic . 
structures ( 3 , 3 ,:3;;:3:,^^ 8 are assembled. 

separately . These two structures can be stabilized internally : 
30 ; by cross- 1 i nk i rig: t he i r Vdoub 1 e : helices 1 V:' This cross - linking- can- 
:. be performed in a highly selective manner . By cross- linking,.: .. 
.. . both of these : supramolecular : assemblies become covalent 
. . molecules . Cross r linking is :. not : essential , but can - be 

-advantageous , because it • increases thermal stabil i ty : : After 

35 first assembly and possible cross -linking, the product can be. 
[ purified. Purification as well as .. cross- linking is to be 
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recommended, if the same oligonucleotide is used in several 
different places. 

During the second assembly step (3., 4) and (4,7)' (see Figure 
6) are added to (3,3,3,3,3) to give (7,7,7,7,7). In the third 
5 assembly step the product (7,7,7,7,7) and (1,1,8,7,8) are 
combined to form 10* (1,8), The fourth assembly step is the 
formation of a pentagon by 'adding .. (8., 9)'. and (.8, 9) to give 
10* (1). The fifth and final assembly step is adding single 
stranded oligonucleotide 1, and the . end. . product is 10* (1) . 
10 After each step, cross- linking or purification or both can be 
■ performed depending on the final requirements regarding quality 
of the product. The complementary supramolecule 10* (1) is 
prepared similarly . 

If necessary, the cage surrounding the virus can be made 
. 1 5" -mo re^dehse.. using the principles of this •applicat i . The number 

of ,:triqlecu^ needed is then c or r e spphd.i ng 1 y 1 a r ge r . 
. DNA double helix is thermally unstable and cross-linking 

may be required for stability. One possible.. approach is shown 

in-; Figure 12 . The last amino acid residue in :: the spacer is 

2 0 lysine -and a complementary DNA strand contains an alkylating 

: gr qu^ , • • ; wh i c h binds preferentially with;; t h e : amino group of 
lysine , because it is the most nucleqphilic 'of the functional 
• ; g r qups n v .this assembly.; Thus, p e r f e c t " cheM^ .control can be. 
...::.:::.-:.mairita:ined. also in the cross - 1 inking process,; alt hough this is 
; . ; 2 5;.; ; • riqt:;;al'way s. nee essa ry • and. . more random-." c r o s s link i ng methods can 
-be; :: ;-vU;se_d; : ; ; ' v : - Incorporating photoact i vat-able ;-;y^-roups-> like azido 
■Z - a d eh os i n e or bromo- or: iodo uridine , into oligonucleotide chains 

v : ^ • : wh i;ch';; ; 1 ;s ; • :;; ; a i t e specific . 

• y A i so :: us e : - the 3-thioribose in o 1 i gonu c 1 e p t i de and c y s t e i n e in the 
3: 9 '. '. P^Kt'ide;; ; ;"; ;sp;a c. e r a 1 lows: : . f 6 rma t i on of di £ ulpj hi He b r 1 dge s . 

/yT?y*::yyyyv ; Preparation of Components for Liposomes 

y : y ; ; ;WSny ; naturally occurring p r q t e 1 n s . may ; be used as such 
without any modification. Because in some cases these liposomes 

3 5 are used in vivo in humans, the human proteins should be used 

to 'niiriiinize unwanted host immune responses. 'Human proteins can 
; ::be :; produced in transgenic plants or animals . The amino acid 
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sequence of proteins may also be altered through well-known 
genetic engineering techniques to produce mutated* proteins 
having the desired biological functions of corresponding 
naturally occurring protein, but adapted to coupling to lipid 
5 molecules. For example, addition of a cysteine residue, either 
through substitution or inserting, will add a free thiol group 
for coupling. to a lipid molecule. Moreover the location of this 
cysteine can be deliberately chosen. It should be located so 
that conjugation, does not disturb the activity of the protein. 
10 Normally this means that the cysteine must be as far as possible 
from the aq t iye site . 

In order-. 'to ,'cbvalently couple a lipid with . an. ^effector 
molecule, the,'.! must contain a functional group which has 

15 high enough re ac t iy i t y with -heterobif unctional -■ Grpss-iin 

Phospha t idyl et hand - amines (PE) have free aliphatic .amino .group 
and can be used directly for conjugation. The conjugation of 
phosphat idylethanolamines (PE) and serines (PS) with proteins is 
well known :: in : :tlie : literature ( Egger et . al . Biochem.i : Biophys . 

20 Acta 1104 Especially, if the protein contains a 

thiol groujp i t ;r ^*;''izR§itiii:al%y-'- well def ined con j uga t.e : : may; be.;'; Sais 1 1 y 
prepared. .Several spacers are commercially available to couple 
two molecules;,;;^ and a t hi o 1 • gr pup i;f a 

pro t e in doe s not cont a in an a thiol group, an a 1 i ptia t : ic amino 

25 group , . may ^be • -us e d if or., conjugation . . Thiol g r o up s ^ a r e . ■ p r e f e r r e d 
for conjugation ; s'ites in proteins as compared with ; : am i ho group s 
because o if t he • 1 o we r abundance of thiol groups in most 'proteins . 

Pr o t e ins ; cart; a Is o be conjugated with 1 ipids;;;; ;af t er-; the 
3 0 p r e p a rat a o h - • > o if • l£ He 1 1 i po.s bme s • so • . a s • : t o pos i t ion" Jt heil-proE'eins . on 
the ou t; e r .;:; surf a c e ; of ' the liposome.. • 

PhasphQlipids having unnatural stereochemistry:'.' may 
prepared; as : described in the literature, for example see, 
35 (J. A. Virtaiien et . al . , Chem. Phys. Lipids 27 (198 0) 185) . D- 
Mannitol is. tritylated to yield .1,6 -ditrityl -D-mannitol , which 
is oxidised with lead tetra- acetate and the product: 'reduced 
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with sodium borohydride to yield 1- trityl-sn-glycerol (1-TrG) . 
Diacylglycerols and phospholipids can be prepared starting 
from 1-TrG by standard methods. For the liposomes described 
in this application ether bond is preferred at least in the 

5 primary hydroxyl group, because it is resistant against 
lipase. in sn-hydroxyl ester bond can be used, because 
unnatural stereochemistry will make this bond stable against 
phospholipase A2 . Instead of glycerophospholipids 

• sphingolipids or completely artificial lipids, which are .. . 

0 resistant against these enzymes, can be used. 

8. Examples of effector molecule combinations for specific 
diseases 

Binding molecule-multienzyme complexes may be designed so 
^ as to treat diseases caused by specific pathogenic agents. 
Examples of effector molecule combinations are provided below 
; in. table 3 so that from each of the ; . three; columns 

(titled : antibodies, enzymes and peptides) suitable effector 
^molecules are chosen .. 'Blndi^ complexes ,' 

,: ; as, :: described in this example , rnay . cot one or several 

•S-antib , which can: be dif f^ren^ as one another,,;; 

The binding molecule-multienzyme complexes may comprise 3-8 
•different enzymes as therapeutic: effector. molecules, which are. 
;; : ;:;vtypically selected so that 1 : -;3: ;.; of;;; ; t he;; ; e n ? yme s degrade lipids,; 

G-3 ' of the en z yme s de g r ad e p r o t e'iris >••'•' 1 - 2 • b f the enzymes ; v ;7;; ;; 
"^.degrade nucleic acids ' and; ' 0 -y'-pf^X^^^^Y^ 5 degrade 
. : ' ; ' jarbohydrat e s . Chemot act i c peptide^ be used as ef f ector;.;^ 
■^■■■molecules enhance.. ;the ' natural; defehc^ sms of the . ; 

:;3rgahisni for treatment ;Pl;at;el;e.^ inhibitors may : 

Sa'iso be used as effector niolecui--^ bacterial.: ;.: 

.adhesion to human ..cells . Additiohaily:,; components such; .as;;;, 
coenzymes , chblic acids , p o 1 y am i n e s a n d metal chelates can be 
included. These additional compounds ^may be used to activate. 
;;;.;^nzymes or f a cil it ate -access i b i 1 i t y ;;; t p ;. t he. binding target so - 
gCthat enzymatic .therapeutic e f f e ctor,;jriq 1. e c u 1 e s may more readily 
... degrade the target. The binding : moiecule-multienzyme 

complexes may be also loaded intb-7ariother. assembly so .that ;. 



enzymes are activated at the target site. For example, 

■ 

instead of active enzymes, proenzymes may be used. When 
proenzymes are employed as therapeutic effector molecules. In 
this case a small amount of activating enzyme is brought into 
5 . the target . 

Table 3 : 

VIRUSES 1 • 
Enzymes : :.i . Peptides : 

PhospholipaseT A 2 . •. Chemotact ic 

Phosphol ipase C :: , peptides , e . g, 

Lipase • ■ • N-Formyl -Met 

Cholesterol: .esterase Leu-Phe 

Cholesterol- oxidase; 



Aminopeptidase^^^ - 
Endoprot e i n a s e ; Ar g -;C 
E n dop r o t e i n a s e As p - N v ] 
Endoprotein^ 
C a rboxypepti^ 
Carboxypept idase B ■ 
C hymo t ryp sin 

R i bonu cl eas 
Ribonucle Use^ZZ--: 
Ribonuclease?;^^ 

' . ' " BACTERIA , P ROTO ZM ' AND : FUNG I 

-.:^::-x^:-v:-::3,a^ Enzymes : : ■ ■ 

' TB ' . a-AmylaseZ \\^ZZ?£^ 

v::::::.v:. : .v::.v:.v'. (Myc obacte r rum . ; ; f3 - Amy lase. : : : :: : : : : ; . pep t i des, e ... g , 

• • • - • tub er c u 1 o s i s ) : • • Galactosidase ; ; ; v . ; : N - Fo r my 1 -Met-;'- ■; 

. 'Galactose'.' loxid a s e" ■? ... .Le u-Phe 
3 5 Anti Syphilis a - Manno s idase 



o u •'••/. 



10 Antibodies: 

::>;:;::;:: : ;":An.ti gp4i. (hiv) 

: Anti gpl20 (HIV) 



Anti hepatitis B 
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(Treponema 
pallidum) 

Anti Cholera 
5 (Vibrio 
Cholerae) 



10 



Anti Plasmodium 



15 



20 



Antibodies 
HUMAbSKl '.*". 



Humanized 



antimucin 



25 



30 



3 5 



/?-Mannosidase 



Phospholipase A 2 
Phospholipase C 
Lipase 

Cholesterol esterase 



Platelet aggre- 
gation inhibitors , 
e.g. , Arg-Gly-Asp- 
Ser 



Lysozyme 
Lactof errin 
Aminopept idase . 
Endoproteiriase Arg-C 
Endoproteinase Asp-N 

einase Lys-C 

A 
B 



sin 



CANCER 



S : 



ot -Amylase; 
(3 -Amylase 



oxidase 



Peptides : 
Chemotactic : - 
peptides , e . g . ■ , 
N-Formyl -Met- : 
Leu-Phe 



a- Manrigsi-cias^e' 
(3 -Mahri'osidase 



Platelet a ggr e-r ' ■'■ ■ .... 
gat ion inhibi t ors 7 ; 
e.g. , Arg-Giy- Asp - 
Ser 



Choi e s terbl • '. ■ e s t e r a s e 



E ndopir p t £ iri£s <e.v ; ; Ar g - C 
Endopr o t e i riase Asp - N 
Endoproteinase Lys-C 
Carboxypeptidase A 
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Carboxypeptidase B 
Chymotrypsin 



Antibodies: 
Murine /Human 
10 IgGlZ2D3 



Alkaline phosphatase 
Polyphenol oxidase 

ATHEROSCLEROSIS 
Enzymes : 

Phospholipase A 2 
Phospholipase C 
'Lipase 

Cholesterol esterase 
Choi e s t er o 1 oxida s e 



Peptides : 
Chemotactic 
pept ides., e .;g , , 
N - F o r my 1; - Met - 
Leu-Phe 



15 



2 0 



Aminopept idase 
Endoproteinase Arg-C 
Endoproteinase Asp-N 
Endoproteinase Lys-C 
Carboxypeptidase A 
Carboxypeptidase B 
Chymo t ryps i n 
Collagenase 



gat ion inhibitors , 

e . g Ar g -G 1 y - Asp - 

Ser 



25 



Examples of liposome formulation adapted for the 
t reatoe^ ihf ecti oris 



ABBREVIATIONS 



Buffers : 



30 



BA: 



BB: 



IQttiM: :NaH 2 P0 4 .. + 0.1 M NaCl 



1 0 mM . Na HP 0 * + 0 . 1 M NaCl 



35 



BD: 



:0,.:25 M'3ithiot re itol : ln. BA 



MOPS 



3- ( N - morpholi no) p r op an esulf onic acid 
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PBS: Standard phosphate saline buffer 



5 Spacers and conjugation agents: 

MIPEG: Maleimide po 1 y e t hy 1 en eg 1 y c o 1 
BisMIPEG: Bismaleimide polyethylene glycol 

10 

SPDP: 3- (2-Pyridyldithio)/ ./propionic acid N- 

hydroxysuccinimide ester 



15 Enzymes : 



PLAse : Phospholipase A 2 



RNAse : Ribonuclease A 
20 



Phospholipids : 



OS PC : ■ ' 1 -Oct ade cy 1 - 2 ' - s t e a r oy 1 • ' pho s pha t i dy 1 c ho 1 i n e' . . • • 
OSPE : 1 - Octadecyl - 2 - s t earpyl : ; phospha t idy 1 e t hanol amine 
OSPE-PDP: : /N :: ;[;3-(2-Pyrid -OSPE 



35 



ANTIBODY REDUCTION AND MIPEG-Ab 



35 mg (0.25 /imoles) Ab in 5 ml of PBS is dialyzed 3 x 2 h 
5 against 19:1 BA/BB at RT . 



Into this solution is added 0 .5 ml of .0 . 1: M. thioethanolamine 
in 9:1 BA/BB. 



10 Kept 1 h at 37°C. 



Dialyzed under nitrogen 3 x 2 h against 9:1 : BA/BB, which is 
purged. .with nitrogen. 



15;:;^:;. 5:0- - fil sample diluted with 2 • ml: -; ; o;f \;-;BA-:::^nd:f : :iOV- spectrum is 

,:;: ,: : ..,m between 240-400. nm. The absorbance. . at 280 nm should 



be: about 0.21. 50 /il of SPDP i s : added . • ■ Ab sorbance is 
measured at 343 nm immediately after the addition and after 10 
min :; r' : ' ' 'The increase in the A 343 :shoul : d: -be::^ 0 . 024 . 



20 



Tg(X:i : f^X[' of 5 0 mM Bis MI PEG in' EtOHHlt 
stand. .2 h under nitrogen at RT. 



Dialyzed 3x2 h against 9 : 1 



^is:)v is added and "let' 



25 



k 280 



should be about 0.20 and A3 0 5 s hoii 1 d : b e about .0 . 02 5 



The:;;;MT;FEG-PLAse solution is t r a ns f e rr e d i n t : a bottle. 



30 
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THIOL -CD4 AND MI PEG CD 4 



35 
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54 mg (1/imol) of sCD4 in 6 ml is dialyzed 3 x 2 h against BB 
in dialysis tube (MWCO 15,000). 



2.5 /x-moles of SPDP in 250 fil of EtOH added and allowed to 
5 stand 3 h at RT. 

Dialyzed 2 x 2 h against BA. 

A 2 0.0. /il sample diluted with 1,8 ml . of BA and ..UV-.spectr.um is 
10 measured between 240-400 nm. The absorbance at 280 nm should 
be about . 0 , 64 . 50 /xl of BD is added . Absorbance is measured 
at 343 nm immediately after the addition and after 10 min. 
The increase ;; in; .the A 343 should be.: . about ; 0 . 10 . .. ; 



.15 .1. .mT . p f ; ■ 6 D .'V Xs : ,. : a <dd e d into the main.: m i x t ure^and'. 1 e t ] s t and. 30 min 

at ,RTV,;'1, : , . . . ........... •....:>.... • .. 



D.i a 1 y z e d 3. x 2 . •••h against BA. Each dialysis is .performed 

• against: nit rog ; en : purged BA and under • :hit rogen;'^'.'- 

20 ■■ : 'v::- ; :r:v: : ':':, ■ - v - ■ : t^: ::: ' : v;: " ' 

A 2 00':;^ with 1 . 8 ; ml; ;;p.f : B A and UV - s p £ c t r urn is 
measured : ; b^w;e en 240-400 nm. The absorbance at. 280 nm should 
; ; be -abpii^ /x 1 of 10 mM ..SPP£^ • ■ 

. '. Ab s o r ban c e i s me asured at 34 3 nm immediate ly a-f ter :; ;-t^ 
25 ^addifci-bn^ 1 0 min . The ' -i-nc^ be 
• • - ■■ • • -ab out • ' 0 ; ;;0 fr 1 ;-;- •;;;;;;• •• •• •;■ •; • • • • ;•; " - : •'■■^v;v';;;'v: : ";;yc;;: : ' : 7: 

;Me anwfr i ; l';e;V;f s of BisMIPEG ^ 

30 CD4 ' ';^pl^;t:;:i;pri •: : s. • added onto B iisMIPE G >; : :.; . i. [ The ; s o 1 u t :ioh ;; i s Vpurg e d 
gently wit;^ and let stand ;:under;y 

The " ' r e a; 6t ip ri :; Mix tlire is t r an s f e r r e d; ; : ; into ; t he ; di a ly s i s tube 
-(MWGO- i dialyzed against nitrogen purged BA and 

35 under nitrogen overnight at +4°C: 
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25 nl 20 mM MIPA solution is added and dialysis is continued 2 
x 2 h against BA under ambient . 

The MIPEG-CD4 solution is transferred into a bottle. 

5 

************ 



MIPEG- PLAse 

10 

50 m 9 (4/xmoles) , PLAse; is dissolved into 4 ml of 15 mM MOPS and 
dialyzed 2 h against 15 mM MOPS at RT. 



Into this solution is added: 

. 4 0 MG ( 2 0/imoles •)•. of T. MI PEG 
56 mg (160 /zmoies) of hexadecylphosphoryl choline (HDPC)' 



and mixed gent ly unti 1 HDPC • is completely dissolved (as ■ 
20 micelles) . ■■' 



As a solid are added: 



Z : 7 • 2 m< 3 ( 60 : Mmoles) of N-hydroxysuccinimide (NHS) • ZZZ^IZCZZZZZZ. 
25 "57. mg (3 00 /imoles ) -of : 1 -Ethyl - 3 - ( 3 - 
; •dimethyiamindpfopyl ).;.^c^ methiqdide (EDO 

; ;:;and ;:mixed . Mhdr^^^j^d^^t'stiand at RT" 6 : h ; io?^ more (up 't6 w '16Z\r:: : . : . " 

{ : h ) . • : • . zz:z::zzz£ ' ■ - y"-^- : '^^ : "zzz:zzzz:z^zzf;z-z:_ 

mz::%z;Zz z. . : :,:: z^tiz^'J^^^zz \ :zzzzz.:zz z,z : : ... z:. zzzzzzz^zz;^^ 

V : Dialyzed 3 x 2 ; h;;agains : t: 9 : l ba/bb . 



: :a: ■! 0 0 >1 sample diluted with 1.9 ml of : BA arid UV- spectrum, is": 
mea -sured between- 240 ^|00 ; nm . The absorbance at : 2 80 • nm :: |hdHld : : : : :; : ; 
3 5; be about 0.24. 

The MIPEG- PLAse solution is transferred into . a bottle '. " "' 
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5 MIPEG-Lipase 

50 mg ( = 1 /imole) lipase is dissolved into 4 ml of BB and 
dialyzed 2 h against BA at RT. 

10 A 2 00 fil sample diluted with 1.8 ml of BA and UV- spectrum is 
; measured between 240-400 nm. The absorbance at 280 nm should 
be about 0.27. 



..^..Meanwhile 5 ^moles of BisMIPEG is dried under nitrogen blow 

Lipase, .solution is added, onto BisMIPEG . The solution is 

- - ■purged gently with nitrogen: -and- let stand under vacuum 2 h. 



The reaction mixture is transferred into the dialysis tube 
20 ■■■■ :<^eQ-- Z5 -, 000) and dialyzed against • nitrogen purged BA and 
; : pnde r ; ri t r oge n o ve r n i ght at +4 ° Cr : " : " ■ 

:::::,::25;;;:/xl;;;.;2;o.;, mM MIPA solution:^ dialysis is continued 2 

.,:.:- : .:x:x-.:2^;h; against BA unde r amb i e n t . 

;™ solution , is transferreid : into: a bottle. 



***** * * ******* 
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THIOL -RNAse AND MIPEG-RNAse 



3:5 :: ; : 55;;MG;y ( 4/imoles ) RNAse is dissolved into 4 ml of BB and 
• 2 h against BB at RT. 



WO 96/32841 



8 Mtnoles of SPDP in 0 . 8 ml of EtOH added and allowed to 
2 h at RT. . 



react 



Dialyzed 2 x 2 h against BA. 

5 

A 200 M l sample diluted with 1 . 8 ml of BA and UV-spectrum is 
measured between 240-400 nm. " The absorbance at 280 nm should 
be about 0.16. 50 M l of 10 mM SPDP in EtOH is added. 
Absorbance is measured at 343 nm immediately -after the' 
10 addition and after 10 min and 20 min. The increase in the A 
:, should be about 0.09 in 10 min and; 0.15 in 20 min. 



Meanwhile. 18 ^moles of BisMIPEG is dried under nit 



rogen blow 



15 CD4 solution is added onto BisMIPEG. The solution is purged 
gently, with nitrogen and let stand under vacuum 2 h. 



'■■■T::^:M aCtion mixture ^ transferred into the dialysis tube 

<MWC0-L5,000) and dialyzed against nitrogen purged BA and 
.^T^^^-B^?* 3 ^ 11 ov emight at +4°e. ■ 

: 25 ^:: 2:P ^ MIPA ^lution is added and dialysis is continued 2 
: x /2 hyagamst BA under ambi ent . ;;• ■ 

: 2 5 Th 5 M i PEG - RNAse solution is transferred •ihto ^ b^^ . 



•* **** * * * * * * * * *** 
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PREI>ARATTbN OP LTPOfioireg 



3 S :^ e ;:;fe^l owin 5 components ' are dissolved into .10 ml of 5 : 5 : o . l 
dichloromethane/ethanol/water : 
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4 7 mg 
4 7 mg 
8 mg 
3 mg 
5 58 mg 



(66 j-imoles) 
(66 /zmoles) 
(12 //moles) 
(3 jxmoles) 
(150 /imoles) 



OSPC 

Sphingomyelin 
OSPE 

OSPE-PDP 
Cholesterol 



The mixture is heated at 5 0°C- in a wide-neck flask under 
nitrogen blow, while simultaneously adding dropwise 
dichloromethane to prevent crystallization of any of the 
10 components. When almost all solvent has evaporated, the 

•;. 'dichloromethane addition is stopped arid nitrogen blow is 

continued 20 min at 50°C. Onto semisolid residue is added 27 

■■ml of warm (50°C) 9:1 BA/BB . 



15 The mixture is sonif ied 2. . min' .with, Branson tip sonifier using; 
output of 4 . 



,..A 40 /il sample diluted with. 2 ml of . BA and UV- spectrum is 

measured between 24 0-4 00nm. The . absorbance at 28 0 nm should 
20 be about 0.40. 



The Liposome solutibn is transferred into a bottle. 




2 ml of the liposome solution is filtered through 0 . 2 pm 
5 filter (using high pressure filtration will minimize the loss 
of liposomes) . Into the filtered liposome solution is added 
0.2 ml of BD. Let stand 3 0 min at RT and dialyzed under 
nitrogen 3 x 2 h against 9:1 BA/BB. 

10 Into the dialyzed liposome solution is added: 



0.3 5 ml MIPEG-Ab 
0.25 ml MI PEG - CD4 
0.1 ml MI PEG - PLAs e 
15 0.2 ml MI PEG - Lipase 
0 . 1 ml . MI PEG : RNAse . 



Let stand under nitrogen A -h at RT . 



20 Fractionated -in Bio-Gel ASm^ column (1 cm x 30 cml-jeluted: with 
1 mM ^y^^Oj^^^ ^ M ; NaCL . First peakjis Vthe ' 
liposomal drug eluted . .in. about 8 ml . 

The ; : abs ° r ^ anGe - ^t'^;28f be about o-;-40^^^^-^-: ■ 

25 ■■■ '■■■^■■^ 

The Liposomal drug solution is transferred into a^bbttle: - 



DOSAGE 



35 ^°ut :?q% ;;6f the mass;of ;.the liposomal drug consists of 
P hos P^ 6 MP. i : ds. and the rest! of; the five proteins. , In the 
following /"-the total m : ass\is indicated . 
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The minimum and maximum doses are estimated to be 9 mg and 3 00 
mg, respectively. The most probable dose is about 50 mg. If 
the drug cures the patient, it is given every day during about 
two weeks. If it is not cured, it is given every other day or 
5 twice a week continuously. 



10 



15 



2 0 
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Incorporation by Reference 

All patents, patents applications, and publications cited 
are incorporated herein by reference. 



5 Equivalents 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the. art to practice the 
invention. Indeed, various modifications of the above- 
described makes, for carrying out the invention which are 
10 obvious to those skilled in the field of molecular biology, 

organic chemistry; /or related fields are; intended to be within 
the scope of ■ the following claims. 
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CLAIMS 

What is claimed is: 

1. A binding molecule-mult ienzyme complexes comprising: 

a binding effector molecule; and 
5 a therapeutic effector molecule, 

and a joining component, wherein said component is a 
liposome and said binding effector molecule and said 
therapeutic effector molecule are functionally attached to the 
surface of said liposome. 

10 

V. 2 .- ' . T .he binding molecule-multienzyme complexes 

accordin 3 to c:Laim . ^ wherein said binding effector molecule 

, '..'•'.'is.' a protein . 



15 . :: 3 . The binding .molecule-multieriz^ 
.. according, .'.to. ...Claim . 2 , wherein said binding; : eff ector molecule 
is selected from the group consisting- of an t ibod i e s and 
receptor ligands.. . . . 

^"'.'^i:'.::"': 4 K 'v . ■ J^e ^^^^.^S'- molecule -multienzyme complexes 

: -::;Sccbr wherein said binding effector molecule 

• .is CD4 .. ' ' 



■Z^..Ll ■ . .. ^^^^B^* n< 3 molecule -mult ienzyme compl exes ' . 

ft^^^ where said, therapeutic^.^ 

•• : -;.v ; is -'a-' protein ■■ •■ T^'Z'^^^'TC^'":..- ... " 



: ::..i:-r ^ ^ . V 6 rT-^ L molecule- mult i e ri z yme '"P om P 1 exes 

• ••^ said therapeutic effector 

0;:,::molecul.e; -is;; ^.an.;;; e nzyroe • 



"... 7 * ..... The ; ^^ nd .i^9 molecule-mult ienzyme".' complexes according 
; : ■£-°^Claim ^ enzyme is, /selected from the group . ; 

• consisting of proteinases , lipase ^ esterases , • and toxins-,-- 

5 •••'••7 :: - r ^' ;: : : ■ . /...;: \. : 

. 8 • ; A , bin 3ing m^ adapted for 

V genetic manipulation complex comprising : a binding molecule- 



wo Qfimftii prTmsQ/;/fK-«o 

multienzyme complex accordng to claim 1 and a genetic 
manipulation complex, said genetic manipulation complex 
comprising a polynucleotide for genetic manipulation 
comprising a polynulcotide sequence of interest and a DNA 

5 binding protein binding site, a DNA binding protein bound to 
said DNA protein binding site, motor protein, wherein said 
motor protein is conjugated to said polynucleotide, and 

. wherein said liposome comprise at least one binding 
effectorconjugated to the surface of said liposome. 

.0 

9. A binding molecule -multienzyme complex adapted for 
genetic manipulation complex according to Claim 8, 
wherein said liposome further comprises a prophospholipase . 



5 10. A binding molecule-mult ienzyme complex adapted, for: genetic 

manipulation complex according to Glaim 8, wherein said • 

prophospholipase is prophospholipase A2 . 



11. A binding molecule-multienzyme complex adapted for "genetic 
0 manipulation complex; according to Claim 9 , wherein a nuclear 
• receptor binding protein is conjugated to said polynulceotide 

12 • A binding: molecule-multienzyme .complex adapted . for genetic 
manipulation complex according to "Claim 9 , wherein said. 
5 polynucleotide -encodes a- therapeutic polypeptide T ^ 

13. A method of gentically modifying a cell of interest in a 
mammal , said method cbmprsihg 'the step of admins terin'g a; . : 
binding mole cule^mul ti enzyme complex adapted for genetic 
0 manipulation complex according . to, .claim l . 



14 . A method of : .genetically. modifying a cell according to 
Claim 13, wherein said liposome further comprises a ; 
5 prophospholipase. 
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15. A method of genetically modifying a cell according to 
Claim 13, wherein said prophospholipase is prophospholipase 
A2 . 

5 16. A method of genetically modifying a cell according to 

Claim 14, wherein a nuclear receptor binding protein is 
conjugated to said polynulceotide . 

17. A method of genetically modifying: a -".cell according to 



, Claiin . 14 '. where:Ln said polynucleotide encodes a therapeutic 
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Moleealar 
moiety M 



i 1 . A rh 6 



Two complementary chains 



^ o ¥ V 



Mokcmlar 
mokty N 




Hydrogen bonding 




Supramolecule 




* * * * * * * * - - * ^ ^, 
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2 : : 




3 



2 



* * - ■ 





complementary oligonucleotide strands. The numbers 
refer to Table L In oligonucleotides between P-Q, n=l 
and p=2 and in all other nucleotides n= 2 andp=l. The 
number of repeaimg units i can be cbosen fwly, but is 
same for aD nucleotides ; in this case. 



O AO? 
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Figure 2 C, Tetrahedron is formed , if ^-Q aid P-N connections are of same 

length as the sides of the square k Fig. 2 A. 
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Ghotesterol Esterase 




m 
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jftgure 3 B 



Assembly of the an tibody- multi enzyme complex. 
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A 
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Cyclic peptide 




Polypeptide 




Single stranded \bUgonucli&itde 



■ X \ \ % \. N V-A \ 

r ✓ y ■/■•/■■/'v-v-y-yl- 

t- , , , , , , , , r\ 



DNA double helix 



Figure '4i:";ilie=mdi€cule which is capable of forming i cage around a vi rus 

with a complementary molecule. 
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Figure 5 A. Typical icosabedral virus. The edge of HTV is about 80 nm. 

: ,.Jt;:yv; : ;;;:Persp€Ctive is olai^^d : ;M::^at$^;t part of the backside is 
drawn by solid Ines v- 
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Figure 5B. A drug molecule of Fig. 4 is approaching the virus, 
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Figure 5G Another drug molecule is approaching from below. 
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5E r drug nn 
±^ strands. 



com 



r 



PCT/US96/05389 






Spacer Two compkmentary single 
(peptide) straoded oUgonudeptides, 

which form double helix 



Figure 6. Constroctioo olf tHe^OTcture represented by molecale in Fig. 4 
from smaller molecules* The supramolecale formed from these molecules 
has same overall shape, but its chemical structure is in many places 
different Because of fivefold sym axis only part of the assembly is 

chnwn. 



1 3/? 7 
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(1,1^) 







The molecules, which are needed to cohstruct the =. ' 
supramplecular assembly according to Fig, 6. Syimbolism 
used in this application is shown under the molecules. 
Numbers refer to Table 1. 
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Figure 8. The supramolecular assdnb which give analogous 

- structures than the two molecules shown above and in Fig. 7. 
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Triple helix 

triple helix connected 
with a spacer 



(4,4,4,4,4) 



Figure 9. IJsiiijg triple helix binding in supramoleculir assembly. Next 

step in this assembly is to add S*(43). This is an alternative 
to the assembly route in 
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Figure 10. Oce possible spacer type for connecting three different 

oligonucleotides. Peptide part can contain amino acids, 
which have specific functions. TMT = Trimethoxytrityl, 
MTr = Methoxytrityi 



WD QfimRdI 



PCT7US96/05389 



TMT 




MTr 



Figure 11> An yternative peptide spa^r ^ th re different 

oligonucleotides. 
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X = CI, Br, I 




Figure 12, One possible method for site specific cross-Unking. Underlined 
ougonodeotide is complementary to one already coanected to peptide and 
contains cpvalently bound cro^-linking agent . 
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(Troc-PDHBOC-Lys)-Gly-Gly-{BOC-Glu).GIy-GGty-{BOC.Lys)-<AAE.TBS) 



HQ 



OH 



I 

(Troc-PDHH2N-Lys>G!y^y<;hi-Gly-Gly-{H^^-Lys)-<AAE-TBS) 



FmocCl 



t 



. '^.13^. 

(Troc-PDHFmoc-Lys)-Gly^ly^l^^ 



H 2 N-Gly.Gly^Og-Lys)-(AAE-'^rroc) 



t 



GSGIy^BOOC-LysHAAE-Troc) 



(Troc-PD)-(Fm^ 



Figure 13. Coupling of t Wo ri vat i zed peptrade chains to get a branched 

'trivalent' spacer- 

AAE is 2^2^Aminoe^^ PD is propanediol Other 

symbols have tikfc meaaning. 
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H 




OH 



O-DMTr 




Protected 
Oligonucleotide j 



Protected Oligoaudeotlde 



OH 




Protected 
Oligonucleotide 1 





O-DMTr 



Phosphoramkiite coupling 



Protected Oligonucleotide 



? 




Acid 




O — " Protected OUgonuclebtide j 



O-DMTr 



t 



Protected OUgonudeotider n 




O — Protected OUgpnucleotide j 



OH 






O "~ Protected Oli go n u clep t i d e j 



O — Protected OUgonucleotide ^ 



FigUTB 14. XJsm cobptaini n u c I eo t id e in the autbbiated 

pU g0 n u c I ep t i d e synthesis to pb tein -triTalent* building block for 
supraraoiecular assembbly. 
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X 





^ntibcKiy 





enzyme 







Figure 15A. ••^■•Scl^ 





qlee^iiles, which is c&pafele of 



« A * 
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Complecmentary halves of a gene 
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Cytoplasm 
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.Fig... : i6. Conjugation of a phospholipid and protein. These 

conjugates are used to form a liposome. 
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